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(54) Title: RECOMBINANT ACC SYNTHASE 



(57) Abstract 



Isolation of the cDNA encoding the ACC synthase of zucchini using a novel isolation method permits the recovery of 
ACC synthase genes from a variety of higher plant sources. The ACC synthases are coded by multigene families, the members of 
which may be responsible for various plant development characteristics effected by ethylene. Recombinant production of ACC 

f — thase and thereby in vitro production of ACC, ethylene and ethanol is also enabled by use of this gene. In addition, control of 
^processes in plants which are mediated by ACC synthase can be effected using antisense technology or by the use of mutated 
CC synthase genes. 
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Field of the Invention 

The invention relates to the plant enzyme ACC syn- 
thase which is essential for the production of ethylene in 
5 higher plants. More particularly, the invention concerns 

recombinant methods and materials for the production of 
this enzyme and their use in controlling plant develop- 
ment, and in particular, plant genescence. 
Background Art 

10 The enzyme ACC synthase is essential to the pr duc- 

tion of ethylene in higher plants. It is well known that 
ethylene is related to various events in plant growth and 
development including fruit ripening, seed germination, 
abscission, and leaf and flower senescence. Ethylene 

15 production is strictly regulated by the plant and is 

induced by a variety of external factors, including the 
application of auxins, wounding, anaerobic conditions, 
viral infection, elicitor treatment, chilling, drought, 
and ions such as cadmium and lithium ions. A review of 

20 ethylene production and effects in plants may be found, 

for example, in Abeles, F.B., "Ethylene in Plant Biology" 
(1983) Academic Press, New York. 

It is also known that the synthesis of ethylene in 
higher plants includes a rate limiting step which is the 

25 conversion of S-adenosyl methionine (AdoMet) to 1-aminocy- 

clopropane-l-carboxylic acid (ACC) . This conversion is 
catalyzed by the enzyme ACC synthase (EC4.4.1.14) . This 
enzyme has been partially purified from several sources by 
Nakajima, N. , et al, Plant Cell Physiol (1986) 27:969-980; 

30 Mehta, A.M., et al., Proc Natl Acad Sci USA (1988) 

85:8810-8814; Nakajima, N. , et al., Plant Cell Phvsiol 
(1988) 29:989-990; Tsai, D.S., et al., Arch Biochem 
Biophvs (1988) 264 :632-640: Bleecker, A.B., et al., Proc 
Natl Acad Sci USA (1986) £3:7755-7759; Privale. L.S., et 

35 al., Arch Biochem Biophvs (1987) 253 :333-340: Sato, S., et 

al., Plant Phvsiol (1988) £8:109-114; Van Der Straeten, 
D., et al., Eur J Biochem (1989) 182 :639-647. 

As the level of ACC synthase controls the production 
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of ethylene, control of the level of this enzyme permits 
control of ethylene levels and thus regulation of the 
plant growth and development aspects that are controlled 
by ethylene. The availability of the ACC synthase gene, 
5 as provided by the invention herein, permits the construc- 

tion of recombinant materials which permit such regula- 
tion. Furthermore, the availability of ACC synthase makes 
possible large-scale production of an ethylene precursor 
useful in industrial production of this chemical and its 

10 products, such as ethanol. 

Subsequent to the present invention, Van Der 
Straeten, D. , et al. reported the cloning and sequences of 
cDNAs encoding ACC synthase from tomato ( Proc Natl Acad 
Sci USA (1990) 87:4859-4863). Although the cDNA, which 

15 corresponded to an open reading frame of approximately 55 

kd, produced a 55 kd peptide in E. coli . it is not clear 
from the data provided that this protein represents ACC 
synthase. 

Disclosure of the Invention 

20 The invention provides recombinant materials and 

techniques which permit control of the level of ACC 
synthase in plants and portions thereof and also provides 
methods for large scale nonpetroleum-dependent producti n 
of ethylene. The recovery of a cDNA encoding the ACC 

25 synthase of zucchini provides access to recombinant 

materials corresponding to alternate ACC. synthases from 
zucchini as well as the range of ACC synthases in higher 
plants. This permits the control of plant development and 
activity in a wide variety of plant materials of commer- 

30 cial interest. 

Accordingly, in one aspect, the invention is directed 
to DNA in purified and isolated form consisting essen- 
tially of a DNA sequence encoding the enzyme ACC synthase 
of a higher plant. In other aspects, the invention is 

35 directed to expression systems effective in expressing the 

DNA encoding said ACC synthase, to recombinant hosts 
transformed with this expression system, and to methods of 
producing ACC synthase using these transformed hosts. 
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In other aspects, the invention is directed to 
methods to control ACC synthase production using the 
coding sequences for ACC synthase in an antisense 
construct or by replacing the ACC synthase gene by a 
5 mutated form thereof. 

In another aspect, the invention is directed to a 
novel method to isolate an inducible cDNA without 
necessity for the purified protein which it encodes. 
Brief Description of the Drawings 
10 Figure 1A shows a restriction map of two clones 

encoding the zucchini ACC synthase enzyme; Figure IB shows 
the nucleotide and deduced amino acid sequence of one of 
these clones. 

Figure 2A-2Cshow elution patterns in chromatographic 
15 steps in the purification of ACC synthase from zucchini. 

Figure 3 shows the elution pattern of the final step 
in the purification of ACC synthase from zucchini. 

Figure 4 shows an SDS-polyacrylamide gel of the 
fractions of Figure 3. 
20 Figure 5 shows a restriction map of genomic clones 

obtained by hybridization to the cDNA encoding zucchini 
ACC synthase. Figure 5A shows the alignment of the 
retrieved clones with the position of the coding sequences 
on the genome; Figure 5B shows a restriction map of the 
25 sequences on the genome; Figure 5C shows the functional 

portions of the two zucchini ACC synthase genes CP-ACC 1A 
and CP-ACC IB. 

Figure 6 shows the complete nucleotide sequence and 
deduced amino acid sequence of the genomic clone repre- 
30 senting CP-ACC 1A. Both control regions and coding 

regions are shown. 

Figure 7 shows the complete nucleotide sequence and 
deduced amino acid sequence of the genomic clone repre- 
senting CP-ACC IB. Both control regions and coding 
35 regions are shown. 

Figure 8 shows the nucleotide and deduced amino acid 
sequence of a cDNA encoding the tomato ACC synthase. 

Figure 9 shows a diagram and restriction map of 
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several clones of the cDNA encoding tomato ACC synthase. 

Figure io shows a comparison of the amino acid 
sequence of the ACC synthase encoded by the zucchini 
genomic sequence CP-ACC 1A and the tomato genomic sequence 
5 ACC 2. 

Figure 11 shows the pattern of genomic clones and 
functional diagrams thereof for the tomato genome 
containing coding and control sequences for LE-ACC ia, 
LE-ACC IB, and LE-ACC 3. 
10 Figure 12 shows the pattern of genomic clones and the 

organization of the gene for LE-ACC 2. 

Figure 13 shows the complete genomic and deduced 
amino acid sequence of LE-ACC 2, including the control 
- sequences . 

15 Figure 14 shows a comparison of the deduced amino 

acid sequence from the two genomic zucchini clones and the 
four genomic tomato clones for ACC synthase. 

Figure 15 shows the junction region and a restriction 
map of a bacterial expression vector for the production of 
20 tomato ACC synthase in bacteria. 

Figure 16 shows the production of ACC by bacterial 
cultures transformed with the vector of Figure 15 in the 
presence and absence of the inducer IPTG. 

Figure 17 is a half tone photograph of a two- 
25 dimensional chromatographic gel of bacterial extracts 

wherein the bacterial culture is transformed with an 
expression vector for tomato ACC synthase having the 
coding sequence in the correct and incorrect orientations. 
Figure 18 shows the construction of an expression 
30 vector for the tomato ACC-synthase gene oriented in the 

antisense direction. 

Figures 19 and 20 show the ethylene product i n by 
tomato plants regenerated from tomato cotyledons trans- 
formed with the vector of Figure 18 as a function of days 
35 fr m pollination. 

Modes of Carrying Out the Invention 

The presence of ACC synthase as the controlling 
factor in ethylene production appears to be universal in 
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higher plants. As a result of the recovery of cDNA 
according to the invention, as described in Sato, T. and 
Theologis, A. , Proc Natl Acad Sci USA (1989) 86:6621-6625, 
mailed to subscribers September 11, 1989, and incorporated 
5 herein by reference, the presence of a gene family encod- 

ing a number of homologous, but different, ACC synthases 
in zucchini has been shown. The various ACC synthases 
control ethylene production at various locations in the 
differentiated plant, thus permitting separate control of, 

10 for example, fruit ripening and seed germination. In 

addition, the availability of this cDNA and the resulting 
genomic DNAs has permitted the recovery of DNAs encoding 
ACC synthases in other plants, including, for example, 
tomato* While the various ACC synthases are generally 

15 active in a variety of plant tissues, the DNAs are not 

completely homologous, and therefore the use of the 
genetic materials for control of synthesis, for example, 
using an antisense strategy, does not translate cross- 
species. 

20 pef jnitiops 

As used herein, "recombinant* 1 refers to a nucleic 
acid sequence which has been obtained by manipulation of 
genetic material using restriction enzymes, ligases, and 
similar recombinant techniques as described by, for 

25 example, Maniatis et al. "Recombinant", as used in the 

present application, does not refer to naturally-occurring 
crenetic recombinations. 

As defined herein, "ACC synthase" includes all 
enzymes which are capable of catalyzing the conversion of 

30 AdoMet to ACC and methyl thioadenosine (MTA) . The amino 

acid sequence of the synthase may or may not be identical 
with the amino aciu sequence which occurs natively in 
higher plants. An example of such native sequence is 
shown in Figure 1 which occurs in the zucchini fruit 

35 (Cucurbita pepo ) . Naturally occurring allelic variants 

undoubtedly occur as well. Similar proteins are present 
in a wide variety of higher plants. In addition, artifi- 
cially induced mutations are also included so long as they 
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do not destroy activity. In general, conservative amino 
acid substitutions can be made for most of the amino acids 
in the primary structure as shown without affecting 
destruction of activity. Thus, the definition of ACC 
5 synthase used herein includes these variants which are 

derived by direct or indirect manipulation of the dis- 
closed sequences. 

It is also understood that the primary structure may 
be altered by post-translational processing or by subse- 

10 quent chemical manipulation to result in a derivatized 

protein which contains, for example, glycosylation substi- 
tuents, oxidized forms of, for example, cysteine or pr - 
line, conjugation to additional moieties, such as 
carriers, solid supports, and the like. These alterations 

L5 do not remove the protein from the definition of ACC 

synthase so long as its capacity to convert AdoMet to ACC 
and MTA is maintained. 

Thus, the identity of an enzyme as "ACC synthase" can 
be confirmed by its ability to effect the production of 

10 ethylene in an assay performed as follows: the enzyme to 

be tested is incubated with 200 /iM AdoMet, 10 /xM pyridoxal 
phosphate, 40 /xg BSA in 200 mH Hepes buffer, pH 8.5 in a 
total volume of 600 /il at 30°C for 30 minutes, and the 
amount of ACC formed is assayed by conversion to ethylene 

5 using hypochlorite as described, for example, by Lisada, 

C.C. , et al., Anal Biochem (1979) 100:140-145. While 
alternative forms of assessment of ACC synthase can be 
devised, and variations on the above protocol are 
certainly permissible, the foregoing provides a definite 

0 criterion for the presence of ACC synthase activity and 

classification of a test protein as ACC synthase. 

The amino acid sequences for several ACC synthases in 
tomato and zucchini are shown in Figures 1, 8 and 14. 
Preferred forms of the ACC synthases of the invention 

5 include those thus illustrated herein, and those derivable 

therefrom by systematic mutation of the genes* Such 
systematic mutation may be desirable to enhance the ACC 
synthase properties of the enzyme, to enhance the 
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characteristics of the enzyme which are ancillary to its 
activity, such as stability, or shelf life, or may be 
desirable to provide inactive forms useful in the control 
of ACC activity in vivo . 
5 As described above, "ACC synthase" refers to a 

protein having the activity assessed by the assay set 
forth above; a "mutated ACC synthase" refers to a protein 
which does not necessarily have this activity, but which 
is derived by mutation of a DNA encoding an ACC synthase, 

10 By "derived from mutation" is meant both direct physical 

derivation from a DNA encoding the starting material ACC 
synthase using, for example, site specific mutagenesis or 
indirect derivation by syntheses of DNA having a sequence 
related to, but deliberately different from, that of the 

15 ACC synthase. As means for constructing oligonucleotide 

of the required length are available, such DNAs can be 
constructed wholly or partially from their individual 
constituent nucleotides. 

As used herein, "higher plant" refers to those plants 

20 whose development and activity are controlled by ethylene. 

These includes all common agricultural plants and various 
flowering species. 

Initial Isolation of the ACC Synthase cDNA 

The ACC synthase cDNA was isolated initially from 

25 Cucurbita peoo (zucchini) using a novel method which is 

applicable to inducible proteins. The method does not 
require pure protein in order to design probes or to 
prepare monoclonal antibodies; the method relies on the 
production of a cDNA expression library from induced 

30 tissue and identification of positive clones using an 

antibody preparation which has been purified by taking 
advantage of the inducible nature of the protein. Thus, 
in general, the method comprises the steps of preparing 
partially purified inducible protein of interest from the 

35 cells or tissue which have been induced for this 

production and preparing a composition of antibodies to 
these purified proteins. The composition of antibodies is 
prepared in a conventional manner by immunization of a 
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suitable mammal with a protocol designed to enhance the 
production of antiserum. 

The first composition of antibodies, which will also 
contain antibodies to the protein contaminants in the 
5 preparation, is then purified to obtain a second antibody 

composition enriched in the antibodies immunoreactive for 
the desired protein. This enrichment is effected by 
reacting the first prepared composition with a protein 
extract from uninduced tissue. This will selectively 

10 remove those antibodies immunoreactive with background 

contaminants. This purified preparation of antibodies is 
then used to screen a cDNA expression library which has 
been prepared from tissue expressing the gene encoding the 
inducible protein. As the purified antibody preparation 

15 is immunospecif ic for this protein, identification of the 

positive clones is simplified. The application of this 
method to the recovery of cDNA encoding ACC synthase is 
described in detail in Example 1 herein. However, a 
similar method can be used to obtain the cDNA* for any 

20 inducible protein, even without isolation ^nd purification 

of the desired target protein* 
Extension of the ACC Synthase Family 

The availability of the cDNA encoding zucchini ACC 
synthase makes accessible both the multigene family which 

25 provides the variety of ACC synthases found in the same 

plant host-i.e., zucchini, as well as other cDNAs encoding 
ACC synthase from other species of higher plants and their 
corresponding multiple gene families. The cDNAs or 
portions thereof are used as probes to hybridize to the 

30 additional genomic or cDNA sequences by hybridization 

under standard conditions. Typical standard conditions of 
stringency include those set forth, for example, in 
Example 4. These recovered sequences can also be 
engineered to effect the expression of ACC synthase, to 

35 make modification which result in ACC synthase mutants, or 

"mutated ACC synthase" and to construct antisense vectors 
to control the production of indigenous ACC synthase. 
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Recom binant Production of Synthase 

The availability of the ACC synthase gene permits its 
production in a variety of recombinant systems. Recombi- 
nant production of this enzyme in single cellular systems, 
5 including procaryotic and eucaryotic systems, provides the 

tools for the recombinant production of ethylene nd 
ethanol, the products of the ACC synthesized. Large scale 
production of these chemicals can be effected by utilizing 
suitable large scale recombinant production of the ACC 

10 synthase enzyme to effect the endogenous production of ACC 

followed by chemical conversion of the ACC to ethylene 
and/or ethanol. In order to make such production economi- 
cally attractive, large scale production, such as in large 
algae cultures, is preferred. The ACC synthase can also 

15 be produced in transgenic plants both in enhanced amounts 

and in an antisense mode, as further set forth below, to 
control the aspects of plant development which are 
ethylene sensitive, and in particular, to delay plant 
genescence. 

20 Accordingly, a variety of expression systems and 

hosts can be used for the production of this enzyme. A 
variety of procaryotic hosts and appropriate vectors is 
known in the art; most commonly used are coli or other 
bacterial hosts such as subtilis or Pseudomonas and 

25 typical bacterial promoters include the trp, lac, tac, and 

^-lactamase promoters. A readily controllable, inducible 
promoter, the X-phage promoter can also be used. A large 
number of control systems suitable for procaryote expres- 
sion is known in the art. 

30 Similarly, a large number of recombinant systems have 

been developed for expression in eucaryotic hosts, 
including yeast, insect cells, mammalian cells, and plant 
cells. These systems are well characterized, and require 
the ligation of the coding sequence under the control of a 

35 suitable transcription initiating system (promoter) and, 

if desired, termination sequences and enhancers. 
Especially useful in connection with the ACC synthase 
genes of the present invention are expression systems 
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which are operable in plants. These include systems which 
are under control of a tissue-specific promoter, as well 
as those which involve promoters that are operable in all 
plant tissues. 

5 Transcription initiation regions, for example, 

include the various opine initiation regions, such as 
octopine, mannopine, nopaline and the like. Plant viral 
promoters can also be used, such as the cauliflower mosaic 
virus 35S promoter. In addition, plant promoters such as 
10 ribulose-l, 3-diphosphate carboxylase, fruit-specific pro- 

moters, heat shock promoters, seed-specific promoters, 
etc. can also be used. 

The cauliflower mosaic virus (CaMV) 35S promoter has 
been shown to be highly active in many plant organs and 
15 during many stages of development when integrated into the 

genome of transgenic plants including tobacco and petunia, 
and has been shown to confer expression in protoplasts of 
both dicots and monocots. 

The CaMV 35S promoter has been demonstrated to be 
20 active in at least the following monocot and dicot plants 

with edible parts: blackberry, Rubus : blackberry /rasp- 
berry hybrid, Rubus . and red raspberry; carrot, Daucus 
carota; maize; potato, Solanum tuberosum : rice, Oryza 
sativa; strawberry, Fraaaria x ananassa : and tomato, 
25 Lvcopersicon esculentum . 

The nopaline synthase (Nos) promoter has been shown 
to be active in at least the following monocot and dicot 
plants with edible parts: apple, Malus pumila : cauli- 
flower, Brassica oleracea : celery, Apium araveolens ; 
0 cucumber, Cucumis sativus : eggplant, Solanum melongena ; 

lettuce, Lactuca sativa ; potato, Solanum tuberosum : rye, 
Secale cereale : strawberry, Fraaaria x ananassa ; tomato, 
Lvcopersicon esculentum ; and walnut, Jualans reaia . 

Organ-specific promoters are also well known. For 
5 example, the E8 promoter is only transcriptionally 

activated during tomato fruit ripening, and can be used to 
target gene expression in ripening tomato fruit (Deikman 
and Fischer, EMBO J (1988) 2-3315; Giovannoni et al., The 
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Plant Cell (1989) 1:53). The activity of the E8 promoter 
is not limited to tomato fruit, but is thought to be 
compatible with any system wherein ethylene activates 
biological processes . 

Other organ-specific promoters appropriate for a 
desired target organ can be isolated using known proce- 
dures. These control sequences are generally associated 
with genes uniquely expressed in the desired organ. In a 
typical higher plant, each organ has thousands of mRNAs 
that are absent from other organ systems (reviewed in 
Goldberg, Phil, Trans R Soc London (1986) B314 : 343) . 

These mRNAs first isolated to obtain suitable probes 
for retrieval of the appropriate genomic sequence which 
retains the presence of the natively associated control 
sequences. An example of the use of techniques to obtain 
the cDNA associated with mRNA specific to avocado fruit is 
found in Christof f ersen et al., Plant Molecular Biology 
(1984) 3:385. Briefly, mRNA was isolated from ripening 
avocado fruit and used to make a cDNA library. Clones in 
the library were identified that hybridized with labeled 
RNA isolated from ripening avocado fruit, but that did not 
hybridize with labeled RNAs isolated from unripe avocado 
fruit* Many of these clones represent mRNAs encoded by 
genes that are transcriptionally activated at the onset of 
avocado fruit ripening. 

A somewhat more sophisticated procedure was described 
in Molecular Biology of the Cell . Second Edition (1989) 
pages 261-262, edited by Alberts et al.. Garland 
Publishing Incorporated, New York. In this procedure, 
mRNAs enriched for organ-specific nucleic acid sequences 
were used to construct the cDNA library. This method was 
also applied to tomato by Lincoln et al., Proc Natl Acad 
Sci (1987) 84:2793, and resulted in the production of an 
£8 cDNA clone. 

The gene that encodes the organ-specific mRNA is then 
isolated by constructing a library of DNA genomic 
sequences from the plant* The genome library is screened 
with the organ-specific DNA clone, and the sequence is 
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determined. The promoter is then isolated. These 
procedures are now considered to be routine and are 
described in detail in Sambrook et al.. Molecular ci orpng* 
A Laboratory Manual , Second Edition (1989) Cold Spring 
5 Harbor Laboratory Press, Cold Spring Harbor. 

Either a constitutive promoter or a desired organ- 
specific promoter is then ligated to the gene encoding ACC 
synthase or a mutated form thereof using standard tech- 
niques now common in the art. The expression system may 
10 be further optimized by employing supplemental elements 

such as transcription terminators and/ or enhancer ele- 
ments • 

Thus, for expression in plants, the recombinant 
expression cassette will contain in addition to the ACC 

15 synthase-encoding sequence, a plant promoter region, a 

transcription initiation site (if the coding sequence to 
be transcribed lacks one) , and a transcription termination 
sequence. Unique restriction enzyme sites at the 5 # and 
3' ends of the cassette are typically included to allow 

20 for easy insertion into a pre-existing vector. 

Sequences controlling eucaryotic gene expression have 
been extensively studied. Promoter sequence elements 
include the TATA box consensus sequence (TATAAT) , which is 
usually 20 to 30 base pairs (bp) upstream of the 

25 transcription start site. In most instances the TATA box 

is required for accurate transcription .initiation. By 
convention, the start site is called +1. Sequences 
extending in the 5' (upstream) direction are given 
negative numbers and sequences extending in the 3' (down- 

30 stream) direction are given positive numbers. 

In plants, further upstream from the TATA box, at 
positions -80 to -100, there is typically a promoter 
element with a series of adenines surrounding the trinu- 
cleotide G(or T)NG (Messing, J. et al., in Genetic Enai- 

35 neerina in Plants , Kosage, Meredith and Hollaender, eds. 

(1983) pp. 221-227). Other sequences conferring tissue 
specificity, response to environmental signals, or maximum 
efficiency of transcription may also be found in the 
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promoter region. Such sequences are often found within 
400 bp of transcription initiation site, but may extend as 
far as 2000 bp or more. 

In the construction of heterologous promoter/ struc- 
5 tural gene combinations, the promoter is preferably posi- 

tioned about the same distance from the heterologous 
transcription start site as it is from the transcription 
start site in its natural setting. As is known in the 
art, however, some variation in this distance can be 
10 accommodated without loss of promoter function. 

As stated above, any of a number of promoters which 
direct transcription in plant cells is suitable. The 
promoter can be either constitutive or inducible. 
Promoters of bacterial origin include the octopine syn- 
15 thase promoter, the nopaline synthase promoter and ther 

promoters derived from native Ti plasmids (Herrera- 
Estrella et al., Nature (1983) 303:209-213). Viral 
promoters include the 35S and 19S RNA promoters of cauli- 
flower mosaic virus (O'Dell et al., Nature (1985) 313 :810- 
20 812). Plant promoters include the ribulose-1, 3- 

diphosphate carboxylase small subunit promoter and the 
phaseolin promoter. The promoter sequence from the E8 
gene and other genes in which expression in induced by 
ethylene may also be used. The isolation and sequence of 
25 the E8 promoter is described in detail in Deikman and 

Fischer, EMBO J (1988) 2:3315-3320 which is incorporated 
herein by reference. 

In addition to a promoter sequence, the expression 
cassette should also contain a transcription termination 
30 region downstream of the structural gene to provide for 

efficient termination. The termination region may be 
obtained from the same gene as the promoter sequence or 
may be obtained from different genes. 

If the mRNA encoded by the structural gene is to be 
35 efficiently processed, DNA sequences which direct 

polyadenylation of the RNA are also commonly added to the 
vector construct (Albert and Kawasaki, Mol and ApdI Genet . 
(1982) 1:419-434). Polyadenylation is of importance for 
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expression of the ACC synthase-encoding RNA in plant 
cells. Polyadenylation sequences include, but are not 
limited to the Aarobacterium octopine synthase signal 
(Gielen et al., EMBO J . (1984) 3.:835:-846) or the nopaline 
5 synthase signal (Depicker et al., Mol and AppI Genet- 

(1982) 1:561-573) . 

The resulting expression system or cassette is 
ligated into or otherwise constructed to be included in a 
recombinant vector which is appropriate for higher plant 
10 transformation. The vector will also typically contain a 

selectable marker gene by which transformed plant cells 
can be identified in culture. Usually, the marker gene 
will encode antibiotic resistance. These markers include 
resistance to G418, hygromycin, bleomycin, kanamycin, and 
15 gentamicin. After transforming the plant cells, those 

cells having the vector will be identified by their 
ability to grow on a medium containing the particular 
antibiotic. Replication sequences, of bacterial or viral 
origin, are generally also included to allow the vector to 
20 be cloned in a bacterial or phage host, preferably a broad 

host range procaryotic origin of replication is included. 
A selectable marker for bacteria should also be included 
to allow selection of bacterial cells bearing the desired 
construct. Suitable procaryotic selectable markers also 
25 include resistance to antibiotics such as kanamycin or 

) tetracycline. 

Other DNA sequences encoding additional functions may 
also be present in the vector, as is known in the art. 
For instance, in the case of Aarobacterium transformation, 
30 T-DNA sequences will also be included for subsequent 

transfer to plant chromosomes. 

In addition, vectors can also be constructed that 
contain in-frame ligations between the sequence encoding 
the ACC synthase protein and sequences encoding other 
35 molecules of interest resulting in fusion proteins, by 

techniques well known in the art. 

When an appropriate vector is obtained, transgenic 
plants are prepared which contain the desired expression 
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system. a number of techniques are available for 
transformation of plants or plant cells. All types of 
plants are appropriate subjects for "direct" 
transformation; in general, only dicots can be transformed 
5 using Agrobacteriura-mediated infection. 

In one form of direct transformation, the vector is 
microinjected directly into plant cells by use of micro- 
pippettes to mechanically transfer the recombinant DNA 
(Crossvay, Mol Gen Genetics (1985) 202 :179-185) . In 

10 another form, the genetic material is transferred into the 

plant cell using polyethylene glycol (Krens, et al. # 
Nature (1982) 296:72-74), or high velocity ballistic 
penetration by small particles with the nucleic acid 
either within the matrix of small beads or particles, or 

15 on the surface, is used (Klein, et al.. Mature (187) 

327 :70-73) . In still another method protoplasts are fused 
with other entities which contain the DNA whose 
introduction is desired. These entities are minicells, 
cells, lysosomes or other fusible lipid-surfaced bodies 

20 (Fraley, et al., Proc Natl Acad Sci USA (1982) 22:1859- 

1863. 

DNA may also be introduced into the plant cells by 
electroporation (Fromm et al., Proc Natl Acad Sci USA 
(1985) 82:5824) . In this technique, plant protoplasts are 

25 electroporated in the presence of plasmids containing the 
expression cassette. Electrical impulses of high field 
strength reversibly permeabilize biomembranes allowing the 
introduction of the plasmids. Electroporated plant 
protoplasts reform the cell wall, divide and regenerate. 

30 For transformation mediated by bacterial infection, a 

plant cell is infected with Aar obact er ium tumef ac iens or 
A. rhizocrenes previously transformed with the DNA to be 
introduced. Aorobacterium is a representative genus of 
the gram-negative family Rhizobiaceae. Its species are 

35 responsible for crown gall ( A. turaefciens ) and hairy root 

disease (A. rhizogenes) . The plant cells in crown gall 
tumors and hairy roots are induced to produce amino acid 
derivatives known as opines, which are catabolized only by 
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the bacteria. The bacterial genes responsible for expres- 
sion of opines are a convenient source of control elements 
for chimeric expression cassettes. In addition, assaying 
for the presence of opines can be used to identify 
5 transformed tissue. 

Heterologous genetic sequences can be introduced into 
appropriate plant cells, by means of the Ti plasmid of A. 
tumef aciens or the Ri plasmid of A . rhizogenes . The Ti or 
Ri plasmid is transmitted to plant cells on infection by 
10 Aorobacterium and is stably integrated into the plant 

genome (Schell, J., Science (1987) 2JT7: 1176-1183) . Ti and 
Ri plasmids contain two regions essential for the 
production of transformed cells. One of these, named 
transferred DNA (T-DNA) , is transferred to plant nuclei 
15 and induces tumor or root formation. The other, termed 

the virulence (vir) region, is essential for the transfer 
of the T-DNA but is not itself transferred. The T-DNA 
will be transferred into a plant cell even if the vir 
region is on a different plasmid (Hoekema, et al., Nature 
20 (1983) 3JD3 : 179-189) . The transferred DNA region can be 

increased in size by the insertion of heterologous DNA 
without its ability to be transferred being affected. Thus 
a modified Ti or Ri plasmid, in which the disease-causing 
genes have been deleted, can be used as a vector for the 
25 transfer of the gene constructs of this invention into an 

appropriate plant cell. 

Construction of recombinant Ti and Ri plasmids in 
general follows method typically used with the more common 
bacterial vectors, such as pBR322. Additional use can be 
30 made of accessory genetic elements sometimes found with 
the native plasmids and sometimes constructed from foreign 
sequences. These may include but are not limited to 
"shuttle vectors," (Ruvkum and Ausubel, Nature (1981) 
2£8:85-88) , promoters (Lawton et al., Plant Mol Biol 
35 (1987) 9:315-324) and structural genes for antibiotic 

resistance as a selection factor (Fraley et al., Proc Natl 
Acad Sci (1983) 80:4803-4807) . 

There are two classes of recombinant Ti and Ri 
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plasmid vector system now in use. In one class, called 
"cointegrate, " the shuttle vector containing the gene of 
interest is inserted by genetic recombination into a non- 
oncogenic Ti plasmid that contains both the cis-acting and 
5 tajis-acting elements required for plant transformation as, 

for example, in the pMLJl shuttle vector of DeBlock et 
al. , EMBQ J (1984) 2.' 1681-1689 and the non-oncogenic Ti 
plasmid pGV2850 described by Zarabryski et al., EMBQ J 
(1983) 2:2143-2150. In the second class or "binary" 

10 system, the gene of interest is inserted into a shuttle 

vector containing the cis-acting elements required for 
plant transformation. The other necessary functions are 
provided in trans by the non-oncogenic Ti plasmid as 
exemplified by the pBIN19 shuttle vector described by 

15 Be van, Nucleic Acids Research (1984) 12:8711-8721 and the 

non-oncogenic Ti plasmid PAL44 04 described by Hoekma, et 
al*. Nature (1983) 303 :179-180. Some of these vectors are 
commercially available. 

There are two common ways to transform plant cells 

20 with Aarobacter ium : co-cultivation of Aarobacterium with 

cultured isolated protoplasts, or transformation of intact 
cells or tissues with Agrobacterium . The first requires 
an established culture system that allows for culturing 
protoplasts and subsequent plant regeneration from cul- 

25 tured protoplasts. The second method requires (a) that 

the intact plant tissues, such as cotyledons, can be 
transformed by Agrobacterium and (b) that the transformed 
cells or tissues can be induced to regenerate into whole 
plants. 

30 Most dicot species can be transformed by 

Agrobacterium as well as species which are a natural plant 
host for Agrobacterium are transformable in vitro . 
Monocotyledonous plants, and in particular, cereals, are 
not natural costs to Agrobacterium . Attempts to transform 

35 them using Agrobacterium hav been unsuccessful until 

recently (Hooykas-Van Slogteren et al.. Nature (1984) 
311 :763-764) . However, there is growing evidence now that 
certain monocots can be transformed by Ag r ob a ct e r i um . 



WO 92/04456 £ PCT/US9 1/06453 

- 18 - 

Using novel experimental approaches cereal species such as 
rye (de la Pena et al., Nature (1987) 325 :274-276) f maize 
(Rhodes et al.. Science (1988) 240 ; 204-207) , and rice 
(Shixaamoto et al., Nature (1989) 3X8:274-276) may now be 
5 transformed. 

Identification of transformed cells or plants is 
generally accomplished by including a selectable marker in 
.the transforming vector, or by obtaining evidence of 
successful bacterial infection. 

10 Plant cells which have been transformed can also be 

regenerated using known techniques. 

Plant regeneration from cultured protoplasts is 
described in Evans et al., Handbook of Plant Cell 
Cultures . Vol. 1: (MacMillan Publishing Co. New York, 

15 1983); and Vasil I.R. (ed.), Cell Culture and Somatic Cell 

Genetics of Plants . Acad. Press, Orlando, Vol. I, 1984, 
and Vol. II, 1986). It is known that practically all 
plants can be regenerated from cultured cells or tissues, 
including but not limited to, all major species of sugar- 

20 cane, sugar beet, cotton, fruit trees, and legumes. 

Means for regeneration vary from species to. species 
of plants, but generally a suspension of transformed 
protoplasts or a petri plate containing transformed 
explants is first provided. Callus tissue is formed and 

25 shoots may be induced from callus and subsequently rooted. 

Alternatively, somatic embryo formation can be induced in 
the callus tissue. These somatic embryos germinate as 
natural embryos to form plants* The culture media will 
generally contain various amino acids and plant norm nes, 

30 such as auxin and cytokinins. It is also advantageous to 

add glutamic acid and proline to the medium, especially 
for such species as corn and alfalfa. Efficient regene- 
ration will depend on the medium, on the genotype, and on 
the history of the culture. If these three variables are 

35 controlled, then regeneration is usually reproducible and 

repeatable. 

A large number of plants have been shown capable of 
regeneration from transformed individual cells to obtain 
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transgenic whole plants. For example, regeneration has 
been shown for dicots as follows: apple, Malus pumila ; 
blackberry, Rubus , Blackberry/raspberry hybrid, Rubus, red 
raspberry, Rubus : carrot, Daucus carota ; cauliflower, 
5 Brassica oleracea ; ce lery , Apium graveolens ; cucumber , 

Cucumis sativus ; eggplant , solanum melongena ; lettuce , 
Lactuca sativa ; potato , Solanum tuberosum ; rape , Brassica 
napus : soybean (wild) , Glycine canescens ; strawberry, 
Fraaaria x ananassa ; tomato, Lycopersicon esculentuin ; 

10 walnut, Juglans regia : melon, cucumis melo ; grape, Vitis 

vinif era : mango, Mangjf era indica ; 

and for the following monocots: rice, Orvza sativa ; 
rye, Secale cereale : and maize. 

In addition; regeneration of whole plants from cells 

15 (not necessarily transformed) has been observed in: 

apricot, Prunus armeniaca : asparagus, Asparagus offici- 
nalis ; banana, hybrid Musa; bean, Phaseolus vulgaris : 
cherry , hybrid Prunus ; grape , Vitis vinif era ; mango , 
Mangjf era indica : melon, Cucumis melo : ochra, Abelmoschus 

20 esculentus : onion, hybrid Allium : orange, citrus sinensis : 

papaya, Carrica papaya ; peach, Prunus persica and plum, 
Prunus domestica : pear, Pvrus communis : pineapple, Ananas 
comosus; watermelon, Citrullus vulgaris : and wheat, 
Triticum aestivum . 

25 The regenerated plants are transferred to standard 

soil conditions and cultivated in a conventional manner. 

After the expression cassette is stably incorporated 
into regenerated transgenic plants, it can be transferred 
to other plants by sexual crossing. Any of a number of 

30 standard breeding technigues can be used, depending upon 
the species to be crossed. 

The plants are grown and harvested using conventional 
procedures. 
Antisense Expression 

35 When the ACC synthase coding sequence is placed in 

correct orientation in the expression systems described 
above, the ACC synthase protein is produced. However, when 
placed in the opposite orientation, the expression vector 
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has an antisense effect which can interfere with the 
indigenous production of this enzyme. Antisense tech- 
nology can work at a variety of levels including hybridi- 
zation to a messenger RNA encoding the ACC synthase, 
5 hybridization to single-stranded intermediates in the 

production of this mRNA, or triplex formation with the DNA 
duplex which contains the ACC synthase genes* All of 
these modalities can be employed in effecting antisense 
control of ACC synthase production. 

10 As shown in Example 8 below, ripening of tomato fruit 

can be controlled and inhibited by suitable antisense 
expression of the ACC synthase coding sequence supplied in 
a vector under the control of the cauliflower 35S 
V promoter- Other properties which are controlled by 

15 ethylene can also be influenced by appropriate choice of 
control systems and/or the particular AC synthase encoded. 

It: is further shown below that the active form of ACC 
synthase in higher plants is a dimer. By supplying a 
mutated form of ACC synthase monomer, a decoy can be pro** 

20 duced to obtain inactive monomer and thereby regulate the 
levels of ACC synthase in the plant. An additional 
embodiment of the invention involves the mutated ACC 
synthase and expression systems therefor. 

The following examples are intended to illustrate but 

25 not to limit the invention. 
k;y Example 1 

Recovery of Zucchini ACC Synthase cDNA 
A cDNA encoding ACC synthase in zucchini fruit was 
recovered as follows: 

30 Slices 1 mm thick were prepared from zucchini fruits 

of the species Cucurbita pepo . To induce production of 
ACC synthase, slices were incubated for 18-24 hours in 
induction medium (50 jiM potassium phosphate buffer, pH 
6.8; 0.5 mM indole acetic acid (IAA) ; 0.1 mM benzyl 

35 adenine (BA) ; 50 mM LiCl; 0.6 mM aminooxyacetic acid 

(AOA) ; and 50 fig/ml chloramphenicol. (Uninduced tissue 
was prepared in a similar manner in 50 mM phosphate 
buffer, pH 6.8.) 
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Poly(A + ) RNA (mRNA) was isolated from 18-hr tissue 
prepared as described above, and in vitro translated in a 
wheat germ lysate as described by Theologis, A* , et al., J 
Mol Biol (1985) 183 :53-68. in the presence of labeled 
5 methionine (greater than 1,000 Ci/umol) to verify the 

presence of ACC synthase encoding mRNA. A cDNA library 
was prepared in Xgtll as described by Huynh, T.V., et al., 
in "DNA Cloning Techniques, M Glover, E. , ed. (1985) IRL 
Press, Oxford, .1:49-88. The insert sizes were 200-500 bp. 

10 The library was screened with purified ACC synthase anti- 

serum prepared as follows: 

The antisera were prepared to 1500-fold purified ACC 
synthase preparations. Purified ACC synthase can be 
prepared from tissue homogenates sequentially bound to and 

15 eluted from Butyl Toyopearl (Toyo Soda Tokyo) # SP- 

Sephadex, and QAE-Sephadex. (Higher purification can be 
obtained by subsequent chromatography sequentially through 
columns containing Butyl Toyopearl, Sephacryl S-300, Bio 
Gel-Ht, and finally FPLC mono-Q. The application of all 

20 of the following steps results in approximately a 6000- 

fold purification.) The antibodies are prepared in New 
Zealand white rabbits by immunization protocols involving 
four immunizations at three-week intervals with 5000 nmol 
of ACC synthase activity/hr (specific activity 1500 nmol 

25 of ACC/hr/mg protein obtained from the Bio Gel-HT column) . 

Crude antiserum (2 ml) was purified by incubation with 10 
ml Sepharose 4B coupled with soluble proteins from intact 
noninduced Cucurbita fruit. This step removed antibodies 
immunoreactive with protein other than ACC synthase.) 

30 Sixty-six immunoreactive clones were isolated by 

screening 1.4 x 10 5 Xgtll recombinant clones with the 
purified antiserum. Upon rescreening, only 30 were, in 
fact, positive. Southern analysis showed that 19 clones 
represented the ACC synthase mRNA. One selected clone, 

35 pACCl, has an open reading frame encoding a 55.8 kd 

polypeptide. Another int nsely immunoreactive clone, 
pACC7, was much shorter. Figure 1A shows a restriction 
map of pACCl and pACC7 ; Figure IB shows the complete 
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nucleotide sequence and deduced amino acid sequence for 
these clones* 

As shown in Figure IB, pACC7 is identical to a 
portion of the sequence of pACCl. The open reading frame 
5 encodes a protein of 493 amino acids, corresponding to a 

55.779 kd polypeptide. 

The positive clones from the Xgtll library could also 
be used to prepare further purified antiserum for immuno- 
blotting as follows: 

10 The positive cones from the expression library was 

plated on E. coli strain Y1090 to obtain 10 5 plaque-form- 
ing units per 90-mm plate. Dry nitrocellulose filters 
presoaked in 10 mM isopropyl /?-D-thiogalacto-pyranoside 
(IPTG) were laid on the lawn after incubation for two 

15 hours at 42 °C and then incubated for an additional four 

hours at 37 °c. 

The filters were then soaked for 30 minutes in TBST 
(50 mM Tris HC1, pH 8.0; 0.14M NaCl; 0.05% Tween 20); 2% 
milk protein and then tested for ACC synthase expression 

20 by treating with 5 ml of diluted (1:500) purified ACC 

synthase antiserum (see below) per filter for two hours. 

After washing five times at 10 minutes each with 
TBST, bound antibody was eluted by shaking for three 
minutes at room temperature with 0.2M glycine hydro- 

25 chloride buffer, pH 2.3, containing 1% milk protein. The 

antibody solution was neutralized and used for immuno- 
blotting . 

Example 2 

Purification of Native ACC Synthase From Cucurbita 
30 ACC synthase was purified 6000-fold from induced 

Cucurbita homogenates according to a multistep protocol as 
shown below. Various buffers used in the purification are 
as follows: 

Buffer A: Tris-HCl 100 mM, pH 8.0, EDTA 20 mM, 
35 pyridoxal phosphate 10 /iM, PMSF 0.5 mM, /?-mercaptoethanol 

20 mM; Buffer B: Tris-HCl 20 mM, pH 8.0, EDTA 10 mM, 
pyridoxal phosphate 10 jiM, DTT 0.5 mM; Buffer C: Na- 
acetate 20 mM, pH 6.0, pyridoxal phosphate 10 /iM, EDTA 10 
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mM, DTT 0.5 mM; Buffer D: K-phosphate 10 mM, pH 8.0, 
pyridoxal phosphate 10 jxM, EDTA ImM, DTT 0.5 mM; Buffer E: 
Tris-HCl 20mM, pH 8.0, pyridoxal phosphate 5 tiM, EDTA 1 
mM, DTT 0.5 mM; Buffer F: Hepes-KOH 500 mM, pH 8.5, 
5 pyridoxal phosphate 40 jxM, BSA 400 jig/ml. 

All operations were performed at 4°C. Chroma- 
tographic elutions were assayed for ACC synthase activity 
and by absorption at 280 nm. 

Ten kg of Cucurbita slices incubated for 2 4 hr in 
10 induction medium were chilled with liquid N 2 and homoge- 

nized in batches of 2 kg with 2 liters of buffer A plus 
200g of poljryinylpolypyrrolidone in a one gallon Waring 
blender for 1 min at medium speed. The homogenate was 
centrifuged at 17,000 x g for 30 min. The supernatant was 
15 filtered through one flayer of microcloth and one layer of 

nylon cloth (3 0 /xm mesh) . 

Butvl Toyopearl Fractionation 

Solid ammonium sulfate was added slowly to the 
stirred supernatant above to achieve 40% saturation. The 

20 supernatant solution was stirred for 15 min and 300 ml of 

packed Butyl Toyopearl 650 M hydrophobic affinity matrix, 
previously equilibrated with buffer B saturated to 40% 
with ammonium sulfate, were added. The suspension was 
occasionally stirred for an additional 30 min. The matrix 

25 was recovered by filtration through one layer of nitex 
nylon cloth (30 nm mesh) and the solution was squeezed out 
by hand. Subsequently, the matrix was placed in a vacuum 
filter with two sheets of Whatman filter paper /l and 
washed with 500 mil of buffer B containing 4 0% ammonium 

30 sulfate. The adsorbed proteins were eluted from the 

matrix by washing (twice) with 750 ml of buffer B, batch- 
wise. The combined eluates were dialyzed three times 
against 10 liters of buffer B for 3 6 hr. 
SP-Sephadex Fractionation 

35 The dialyzed fraction above was clarified by centri- 

fugation at 17,000 x g for 30 min. The volume was 
adjusted to 4 liters with buffer B and the pH was brought 
to pH 6.0 with 5% acetic acid. Two liters of packed 
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SP-Sephadex C-50 equilibrated with buffer C were added and 
the suspension was stirred for 60 min. The matrix was 
recovered by filtration through two sheets of Whatman 
filter paper /l and washed with 2 liters of buffer C. The 
5 adsorbed proteins were eluted twice with 1 liter of buffer 

B containing 1M KC1, batchwise. The eluant was recovered 
by suction through #1 Whatman filter paper and solid 
ammonium sulfate was added to achieve 40% saturation. 
Subsequently 100 ml of Butyl Toyopearl-packed matrix 

10 equilibrated with buffer B/4 0% ammonium sulfate was added 

to the eluate. The suspension was stirred for 30 min and 
the matrix was collected by filtration through a layer of 
Nitex nylon cloth (30 /in mesh). The matrix was resus- 
pended in a small volume of buffer B/40% ammonium sulfate 

15 and poured in a column (2.5 x 20 cm). The adsorbed pro- 

teins were eluted with buffer B, and the flow rate of the 
column was under gravity. Fractions with high A 280 were 
pooled and dialyzed overnight against 4 liters buffer B 
with three buffer changes during the course of dialysis. 

20 OAE-Sephadex Fractionation 

Four hundred ml of packed QAE-Sephadex equilibrated 
with buffer B were added to the dialyzate from the SP- 
Sephadex fractionation and the suspension was stirred 
gently for 60 min. The matrix was recovered by filtration 

25 through a layer of miracloth in a filtration apparatus and 

washed with 500 ml of buffer B to remove unadsorbed 
proteins. The matrix was resuspended in a small volume 
of buffer B and poured into a column (4 x 3 0 cm) . The 
proteins were eluted with buffer B containing 0.2M KC1. 

30 Butvl Toyooearl Chromatography 

Solid ammonium sulfate was added to the eluate (-100 
ml) to achieve 40% saturation and the solution was kept at 
4°C for at least 4 hr. The suspension was centrifuged at 
30,000 x g for 30 min and the supernatant was applied on a 

35 Butyl Toyoperl column (1.5 x 14 cm) equilibrated with 

buffer B/40% ammonium sulfate. After all the protein 
solution was passed through the column, it was eluted with 
a 400 ml linear gradient: 40 to 0% ammonium sulfate in 
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buffer B with a flow rate of 1 mi/min. 

Figure 2A shows the elution pattern. Solid ammonium 
sulfate was added to enzymatically active fractions to 
achieve 80% saturation and the solution was incubated at 
5 4°C for at least 4 hr. The precipitate was collected by 

centrifugation at 30,000 x g for 30 min at 4°C and dis- 
solved in 3 ml of buffer D. 

Seohacrvl S-300 Chromatography 

The resulting protein solution from above was applied 

10 to a column (2.5 x 100 cm) of Sephacryl S-300 equilibrated 

with buffer D. The column was eluted with buffer D at a 
flow rate of 0.5 ml/min. Figure 2B shows the elution 
pattern . 

Bio Gel-HT Chromatography 

15 Active fractions from the Sephacryl step were com- 

bined and applied on a Bio Gel -HA column (0.75 x 14 cm) 
equilibrated with buffer D. The column was washed with 
buffer D until A 2 s 0 ~ 0 aRd it was then eluted with a 200 
ml linear gradient: 10-1C0 mM potassium phosphate in 

20 buffer D with a flow rate of 0.1 ml/win. Figure 2C shows 

the elution pattern. The active fractions were collected 
and concentrated with a Centricon 3 0 filtration apparatus, 
concomitantly the buffer of the concentrated protein 
solution was changed to buffer E. 

25 FPLC Mono-O Chromatography 

The concentrated active fractions (-0..5 ml) from the 
Bio Gel-KT column were applied to a roonc-Q H5/5 column. 
The column was washed with buffer £ containing 0.1M KCl 
until A 3f0 ~ 0. The column then was eluted with a 15 ml 

30 linear gradient: 0.1 to 0.4M KCl in buffer E. The flow 

rate of the gradient was 0.5 ml/min. Figure 3 shows the 
elution pattern. 

Table 1 shows the overall purification sequence and 
the increase in specific activity with each successive 

35 step. The overall process resultn in a 6000-fold purifi- 

cation with a recovery of 7.5%- The enzyme has a specific 
activity of 35,590 nmol ACC produced /hr/mg of protein. 
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SDS-PAGE conducted on fractions 16 and 17 from the 
mono Q column, which have the highest ACC synthase 
activity, indicated that the protein was not completely 
pure. (See Figure 4) However, it was demonstrated that 
5 the ACC synthase activity resided in the 46 kd band. The 

electrophoresis was conducted by applying 7.5 ml of the 
eluted fractions mixed with an equal volume of 2 x SDS 
loading buffer to a 10% polyacrylamide gel and silver 
staining. To determine the band containing ACC synthase 
10 activity, similar gels were run wherein the gels were cut 

into 3 mm thick slices and the ACC synthase activity was 
determined in half the slices; the other half were stained 
with silver. 

The purified ACC synthase was also subjected to size 
15 exclusion chromatography o Sephacryl S-300. In this 

protocol, the ACC synthase eluted as an 86 kd species. 
This suggests that the Cucurbita ACC synthase consists of 
two identical 46 kd subunits. Further characterization 
showed that the pH optimum for ACC synthase activity is 
20 9.5, and the isoelectric point is estimated at 5 using 

mono-P H 5/20 FPLC column chromatography. The Km for 
AdoMet is 16.7 mM, and pyridoxal phosphate is a cof actor. 
The enzyme is stable at -20°C or -80 °C for over a year. 

Example 3, 

25 Isolation of Zucchini Genomic Clones Encoding ACC 

Synthase 

Four-day-old etiolated frozen zucchini seedlings were 
homogenized in 15% sucrose, 50 mM Tris-HCl, pH 8.5, 50mM 
EDTA-Na 3 , 0.25H NaCl. The nuclei were pelleted by centri- 

30 fugation at 4,000 rpm for 10 min at 4°C and nuclear DNA 
was isolated by CsCl ethidium bromide equilibrium density 
gradient centrifugation. The recovered DNA was partially 
digested with Sau3A and electrophoretically separated on 
0.5% low melting agarose. 

35 DNA corresponding to 20 kb in size was ligated into 

EcoRI/BamHI cut EMBL 3\ (Frischauf, A.M. , et al., J Mol 
Biol (1983) 170 :827-842; Raleigh, E.A. , et al., Proc Natl 
Acad Sci USA (1986) 83:9070-9074; Maniatis, T. , et al., 
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Molecular Cloning (1982) Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY) » The ligation mixture was pack- 
aged and the library was screened without amplification by 
plating on E. coli strain K802 and screening with nick 
5 translated ACC1 cDNA (the full length zucchini cDNA clone) 

as described by Benton, D., et al., Science (1977) 
196 :179-183. The isolated genomic sequences were mapped 
with restriction endonucleases and the appropriate DNA 
fragments which hybridize to the ACCl cDNA were subcloned 

10 into the pUC18 and pUC19 plasmids. 

The results after restriction analysis of the various 
genomic clones recovered is shown in Figure 5A-C. As 
shown in the figure, two genomic clones reside on the same 
DNA strand, but are oriented in opposite directions. 

15 CP-ACC 1A and CP-ACC IB each contain four introns. Thp 

complete genomic sequences of these clones are shown in 
Figures 6 and 7 respectively. As shown in Figures 6 and 
7, the entire upstream regulatory sequences are encoded in 
the clones. 

20 Example 4 

Retrieval of Tomato cDNA Encoding ACC Synthase 
Lycopersicon esculentum c.v. Rutgers was grown from 
seeds throughout the year in a greenhouse using protocols 
to ensure freedom from tobacco mosaic virus. The fruit 

25 was frozen and total RNA was isolated using the procedure 

of Chomcynzki, P. , et al.. Anal Biochem (1987) 162 :156- 
159. Approximately 5 gm of powdered frozen fruit tissue 
were used. Poly (A) + RNA was isolated using oligo (dT) 
cellulose chromatography as described by Theologis, A., et 

30 al. J Mol Biol (1985) 182:53-58, and a cDNA library was 

constructed into XgtlO as described by Huynh, T.V. , et al. 

cDNA Cl oning Te chniques: A Practical Approach (1985) 

(Glover, D.M. ed.), IRL Press, London, 49-78. cDNAs 
greater than 500 bp were inserted into the EcoRI site of 

35 the CI repressor gene. The packaged DNA was plated on 

C600 HFL, a derivative of C600, to select for phage- 
containing inserts . 

Approximately 10 6 plaque forming units of the XgtlO 
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recombinant phage were plated to a density of 1 x 10 4 per 
85 mm petri dish using C600. After transferring to 
nitrocellulose filters as described above, 
prehybridization and hybridization were performed at 37 °c 
5 with gentle agitation in 30% formamide, 5X SSPE (IX SSPE 

is 0.1 8M NaCl, 10 mM sodium phosphage, pH 7.0, l mM 
sodium EDTA) , 5X BFP (IX BFP is 0.02% w/v bovine serum 
albumin, 0.02% polyvinyl pyrrolidone (M,=O60 kd) , 0.02% 
Ficoll (M,-4 00 kd) , 100 mg/ml heat denatured salmon sperm 
10 DNA, and 0.1% SD5) . 

The gel purified 1.8 kb EcoRI fragment of the 
zucchini pACCl prepared in Example l was labeled to a 
specific activity of 2 x 10 s cpm/mg using random hexamer 
printing and a-32P dCTP as described by Feinberg, A. P.. 
15 et al., Anal Biochem (1983) 131:6-13. The labeled probe 

was separated from starting material and used to probe the 
XgtlO library. 

The probe was denatured with 0.25 volumes 1M NaOH for 
10 minutes at room temperature and neutralized with 0.25 
20 volume 2M Tris HC1, pH 7.2 and then added to the hybridi- 

zation mixture at 1 x 10 6 cpm/ml. 

After 24 hr hybridization, the filters were washed 
once in 30% formamide, 5X SSPE, 0.1% SDS at 37°C for 20 
min and then four times in 2X SSPE, 0.1% SDS at 37 °C for 
25 20 min. The final wash was in 2X SSPE at 50°c for 10 min. 

. After washing, the filters were air dried, covered 
with Saran wrap and exposed at -70°C to X-ray film. 

Using this hybridization, a full length cDNA from 
tomato, designated ptACCl, was recovered. The complete 
30 cDNA sequence of the ACC1 of tomato, designated ptACCl, is 

shown in Figure 8. Additional clones were recovered using 
2 x 10 6 cpm of the labeled 0.55 kb Hindlll/EcoRI fragment 
at the 3' end of ptACCl. 

Hybridization conditions were employed using 2 x 10* 
35 pfu of the XgtlO library on C600 wherein nitrocellulose 

platelets were prehybridized at 42 °C and 50% formamide, 5X 
SSPE, 5X BPF, 500 mg/ml heat denatured salmon sperm DNA 
for 12 h. The filters were then hybridized for 18 hr at 
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42 °C with probe in 50% formaraide, 5 X SSPE, IX BFP, ioo 
mg/ml heat denatured salmon sperm DNA with this probe. 
The filters were washed at 42 °C twice for 30 min in 50% 
formamide, 5X SSPE, 0.2% SDS, and then twice for 30 min in 
5 0.1X SSPE at 42 °C. A number of additional clones were 

retrieved using the above referenced portion of ptACCl as 
shown in Figure 9. 

A comparison of the amino acid sequences of the 
zucchini and tomato cDNA encoded ACC synthases is shown in 
10 Figure 10. As shown, considerable homology exists between 

these sequences, but they are not identical. 

Example 5 

Recovery of Tomato Genomic DNA Encoding ACC Synthase 
Genomic DNA was isolated from etiolated Rutgers seed- 

15 lings using a modification of the method described by 

Davis, R.W., et al. Meth Enzvmol (1980) 65:404-411. 
Briefly, seedlings were grown on moist filter paper in the 
dark for 5 days at 22 °C. Fifty g frozen hypocotyl and 
cotelydon tissue, seed coat removed, was ground in a 

20 coffee grinder. The powdered tissue was added to 200 ml 

of ice cold extraction buffer (50 mM Tris-HCl, pH 8.0, 50 
mM NaEDTA, 0.25 M NaCl, 15% sucrose (w/v) ) and homogenized 
on ice using a hand held glass-glass homogenizer. The 
nuclei were pelleted at 2000 x g for 10 min at 4°C. The 

25 crude nuclei we resuspended in 100 ml of cold extraction 

buffer without the salt. To lyse the nuclei, 10 ml of 10% 
Nasarcosine was added, the suspension was gently inverted 
and incubated on ice for 10 min, then 120 g of CsCl was 
added and dissolved by gently shaking. To remove debris 

30 the solution was centrifuged at 26,000xg for 20 min at 4°C 

and the supernatant was decanted through Miracloth. 

Ethidium bromide (10 mg/ml) was added to a final 
concentration of 0.4 mg/ml and the density of the solution 
was adjusted to 1,55 g/ml. Equilibrium centrifugation was 

35 carried out in a Beckman Ri70 rotor at 40,000 rpm for 4 8 

hr at 20°C. The DNA was further purifi d by a second 
round of equilibrium centrifugation in a VTi65 rotor at 
50,000 rpm for 16 hr at 20°C. Ethidium bromide was 
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extracted from the DNA with isopropanol saturated with 
water containing 5 M NaCl and the DNA was dialyzed twice 
against 5000 volumes of TE (pH 7.5) to remove the CsCl. 
The typical yield was 15 ng/g fresh weight tissue. 
5 Two genomic libraries were constructed, one with 15- 

23 kb Sau3A partially digested DNA in \EMBL3 and another 
with 6-8 kb DNa after complete Hindlll digestion into 
X2001. For the library constructed in XEMBL3 , 100 *ig of 
genomic DNA was digested with 1.5 units of Sau3A at 37 °c 

10 in 300 /il of medium salt buffer (MSB) plus 2 mM 

dithiothreitol (DTT) (IX MSB is 10 mM Tris-HCl, pH 7.5, 50 
mM NaCl, 10 mM MgS0 4 ) . One third of the reaction was 
removed at 7.5 min, at 10 min and at 12.5 min. At each 
time point digestion was stopped by adding 0.1 volume 0.5 

15 NaEDTA, pH 8.0 and storing on ice. The DNA was size 

fractionated in a 0.5% low melting temperature agarose gel 
by electrophoresis at 0.8 Volts/cm for 24 h. The agarose 
gel electrophoresis buffer was IX TAE, 4 0 mM Tris-HOAc, pH 
8.0, 2 mM NaWDTA. The gel wus soaked at room temperature 

20 for 3 hr in IX TAE buffer containing 0.3 M NaCl. DNA was 

visualized with 3 65 nm ultraviolet light and the 15-23 kb 
side range was excised. The agarose was melted at 65 °C 
for 15 min and extracted twice the TE (pH 7 . 5) -saturated 
phenol, prewarmed to 37 °C. The aqueous phase was 

25 extracted three times with ether and two volumes of EtOH 

were added* After overnight at -20°c the DNA was 
collected by centrifugation and dissolved in TE, pH 7.5 
Two Mg of EMBL3 arms and 2 jig size selected DNA were com- 
bined in a final volume of 6 ^1, l Ml of 10X ligase buffer 

30 (IX ligase buffer is 66 mM Tris-HCl, pH 7.5 5 mM MgCl 2 ) 

was added and the cohesive ends annealed at 42 °C for 15 
min. The mixture was quickly cooled on ice and l /il each 
of 10 mM ATP and 50 mM DTT was added. The reaction was 
initiated with 1 Ml (8 units) of T4 DNA ligase and 

35 incubated overnight at 14 °C. One third of the ligation 

mix was packaged with Gigapak Gold (Strategene) according 
to the manufacturer. Approximately 1 x 10 6 pfu were 
obtained when titered on C600. 
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For the Hindlll library, 200 *tg of genomic DNA was 
digested in 3 . 6 ml IX MSB with 400 units of enzyme for 4 
hr at 37°c. The DNA was separated on a 0.08% low melting 
temperature agarose gel and DMA in the 6-8 kb size range 
5 was isolated as described above. One ng of this DNA was 

ligated to 0.5 M9 of \200l arms as described above in a 
final volume of 10 Ml* One third of this ligation was 
packaged with Gigapak Gold and 5 x 10* pfu were obtained 
when plated on K802* 

10 A Bglll complete digest library and an Mbol partial 

digest library of genomic DNA from tomato cultivar VF36, 
both in EMBL4, were provided by c. Corr and B. Baker. 
These libraries and the HindXII complete digest library in 
X2001 were plated on the host K802 and probed at high 

15 stringency with the ptACCi cDNA as described above to 

obtain clones corresponding to the cDNA. Clones corre- 
sponding to other genes were obtained by probing the Sau3A 
partial digest library in EMBL3 with the cDNA at low 
stringency. In two separate screenings, phage were plated 

20 on the hosts C600 or TC410, lifted and fixed to nitro- 

cellulose filters as described above. Low stringency 
prehybridization and hybridization were done in 30% 
formamide, 5X SSPE, 5X BFP, 100 /xg/ml denatured salmon 
sperm DNA, 0.2% SDS at 37 °C for 18 h each. Probe was used 

25 at a concentration of 10* cpm/ml. Washing was done twice 

for 20 min in 30% formamide, 5X SSPE, 0.2% SDS at 37*c, 
and twice for 20 min in 2X SSPE, 0.2%, SDS at 42 °C. The 
filters were exposed to X-ray film as above for 48 h. 

For restriction enzyme digestions of X clones, 2.5 jig 

30 of phage DNA was digested in 50 Ml of high salt buffer 

(HSB) (IX HSB is 100 mM NaCl, 50 mM Tris-HCl (pH 7.5), 10 
mH MgS0 4 ) with -the appropriate enzyme (s) . For genomic DNA 
gel blots, 7.15 M9 of genomic DNA was digested in 100 Ml 
of IX HSB with 80 units of EcoRI and Hindlll or 40 units 

35 of Bglll, at 37°C for 6 h. Digested DNAs were loaded on 1 

cm thick, 0.8% agarose gels and electrophoresed at 3 V/cm 
in IX TAE buffer containing 0.5 Mg/ml ethidium bromide. 
After electrophor sis the gel was photographed, the DNA 



WO 92/04456 



- 30 - 



PCT/US9 1/06453 



42°C with probe in 50% forraaraide, 5 X SSPE, IX BFP, 100 
mg/ml heat denatured salmon sperm DNA with this probe. 
The filters were washed at 42 °C twice for 30 min in 50% 
formamide, 5X SSPE, 0.2% SDS, and then twice for 30 min in 
5 0.1X SSPE at 42 °C. A number of additional clones were 

retrieved using the above referenced portion of ptACCi as 
shown in Figure 9. 

A comparison of the amino acid sequences of the 
zucchini and tomato cDNA encoded ACC synthases is shown in 
10 Figure 10. As shown, considerable homology exists between 

these sequences, but they are not identical. 

Example 5 

Recovery of Tomato Genomic DMA Encoding ACC Synthase 
Genomic DNA was isolated from etiolated Rutgers seed- 

15 lings using a modification of the method described by 

Davis, R.W., et al. Meth Enzvmol (1980) 65:404-411. 
Briefly, seedlings were grown on moist filter paper in the 
dark for 5 days at 22 °C. Fifty g frozen hypocotyl and 
cotelydon tissue, seed coat removed, was ground in a 

20 coffee grinder. The powdered tissue was added to 200 ml 

of ice cold extraction buffer (50 mM Tris-HCl, pH 8.0, 50 
mM NaEDTA, 0.25 M NaCI, 15% sucrose (w/v) ) and homogenized 
on ice using a hand held glass-glass homogenizer. The 
nuclei were pelleted at 2000 x g for 10 min at 4°C. The 

25 crude nuclei we resuspended in 100 ml of cold extraction 

buffer without the salt. To lyse the nuclei, 10 ml of 10% 
Nasarcosine was added, the suspension was gently inverted 
and incubated on ice for 10 min, then 120 g of CsCl was 
added and dissolved by gently shaking. To remove debris 

30 the solution was centrifuged at 26,000xg for 20 min at 4°C 

and the supernatant was decanted through Miracloth. 

Ethidium bromide (10 mg/ml) was added to a final 
concentration of 0.4 mg/ml and the density of the solution 
was adjusted to 1.55 g/ml. Equilibrium centrif ugation was 

35 carried out in a Beckman Ri70 rotor at 40,000 rpm for 48 

hr at 20°C. The DNA was further purified by a second 
round of equilibrium centrif ugation in a VTi65 rotor at 
50,000 rpm for 16 hr at 20*C. Ethidium bromide was 
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was nicked with two 15 min treatments of 0.25 M HC1, 
denatured with two 20 min treatments of 0.5 M Tris-HCl (pH 
7.5), 1.5 M NaCl and neutralized with two 20 min treat- 
ments of 0.5 M Tris-HCl (pH 7.5), 1.5 M NaCl. The nucleic 
5 acids were transferred in 2 OX SSPE to a Nytran nylon 

membrane* 

After transfer was complete the nucleic acids were 
fixed with 1.2 joules of 254 nm ultraviolet radiation. 
The membranes were prehybridized in 50 ml of 50% 
10 formamide, 5X SSPE, 5X BFP, 1.0% SDS and 100 ng/ml heat 

denatured salmon sperm DNA at 42 °C for 12 h. 
Hybridizations were carried out in 3 0 ml of 50% formamide, 
5X SSPE, IX BFP, 10% dextran sulfate (M=400 kd) , 0.2% 
SDS, and 50 fig /ml heat-denatured salmon sperm DNA at 42 °C 
15 for 18 h. Filters with genomic DNA were hybridized with 

2.0 x 10* cpm/ml, whereas filters with X DNA were 
hybridized with 5 x 10 5 cpm/ml of random hexamer labeled 
1.8 kb ptACCl cDNA. After hybridization the membranes 
were washed two times for 20 min at 55*c in 0.1X SSPE and 
20 0.2% SDS, dried, wrapped in plastic wrap and placed under 

Kodak XR-5 X-ray film. X DNA gel blots were exposed for 
12-24 hr at -70°C with an intensifier screen. 

The clones corresponding to four different genomic 
clones recovered from tomato are shown in Figures 11 and 
25 12. Figure 11A shows a series of three genomic clones 

which were identified to three separate genes LE-ACC 1A; 
LE-ACC IB; and LE-ACC 3; Figure 12 shows genomic clones 
which were identified with LE-ACC 2. Figure 13 shows the 
complete nucleotide sequence of LE-ACC 2 . 
30 Figure 14 compares the amino acid sequences encoded 

by the six genomic clones recovered — two from zucchini and 
four from tomato. Again, conserved sequences are found 
and there is considerable homology; however, there are 
numerous differences in sequence. 
35 Example 6 

Expressi on of Zucchin^ and Tomato cDNA in E. coli 
The pACCl from zucchini was subcloned into the EcoRI 
site of the expression vector pKK223-3 (DeBoer, H.A. , et 
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al, Proc Natl Acad Sci USA (1983) 80:21-25) and introduced 
into E. col ^ stain JM107. Transfonnants were grown in LB 
medium in the presence of ampicillin (50 mg/ml) at 37 °C 
for 4 h. IPTG was added to 1 mM and the cultures were 
5 incubated for 2 hr at 37 °C. ACC synthase activity and ACC 

formation were assayed* When the 1,7 kb EcoRI cDNa 
fragment was inserted into pKK223 3-3 in the correct 
orientation and the transformed E. coli incubated as 
described above, ACC synthase activity was produced in the 

10 absence of IPTG at 20 nmol/h/mg protein and in presence of 

IPTG at 42 nmol/h/mg. ACC formation per 100 ml of culture 
was 2280 nmol without IPTG and 4070 nmol in the presence 
of IPTG. No ACC synthase activity or ACC production were 
observed when the 1-7 kb fragment was inserted in the 

15 opposite orientation. 

A similar construct for tomato ACC synthase was used 
to test expression of the tomato cDNA in E. coli . Th 
protein is synthesized as a fusion with a portion of th 
LacZ gene. The sequence at the junction is shown in 

20 Figure 15. 

For construction of the vector containing this 
junction, pETC3C (Rosenberg, A.H. , et al. Gene (1987) 
56:125-155) was modified by cutting with EcoRI and ECoRV 
and filling in with Klenow to remove a 375 bp fragment 

25 downstream of the T7 promoter. The resulting reiigated 

plasmid was named pP07. pP07 was cut with BamHI and Ndel 
and the large DNA segment was purified and ligated t a 
BaMHI/Ndel poly linker containing an EcoRI site to obtain 
the intermediate plasmid pP09. 

30 The 1*4 kb EcoRI fragment from ptACCl was then 

ligated into the EcoRI site of pP09 to obtain the junction 
shown in Figure 15 and designated pP046. 

This plasmid was then used to transform coli BL21 
(DE3) (Rosenberg et al. (supra)). The cultures were 

35 induced by diluting fresh overnight cultures into 2x TY 

(Maniatis et al. (supra)) and grown at 37° t an absorp- 
tion at 600 nm of 0.7-0.8. IPTG was added to a final 
concentration of 2 mM and growth was continued for another 
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two hours. The cells were harvested and the recombinant 
polypeptide was purified as described by Nagai, K. and 
Thogersen, A.C., Meth Enzvmol (1987) 153:461-481. 

Figure 16 shows the synthesis of ACC synthase in 
5 nmol/15 /il of culture transformed with the tACC-containing 

vector in the presence and absence of IPTG. As shown in 
the figure, when the cDNA is ligated in the antisense 
direction, no ACC synthase is produced either in the 
presence or absence of IPTG (solid squares) . When the 

10 cDNA is oriented in the correct orientation, after 180 

min, over 2 nmol ACC synthase are produced after 15 /xl in 
the presence of IPTG (solid circles), and between 0.5 and 
1.0 nmol. in the absence of IPTG (open circles). 

The production of ACC using labeled C S4 -carboxyl - 

15 labeled S-adenosyl-methionine is shown in Figure 17. In 

these figures, #1 is methionine, #2 is methionyl sulfite, 
/3 is methionyl sulfoxide, and #4 is unidentified. ACC is 
clearly labeled. Figure 17A shows the results in the 
absence of IPTG; a little ACC is formed. Figure 17C shows 

20 the results when the cDNA is ligated in the wrong 

orientation; no ACC is formed. Figure 17B shows the 
production of labeled ACC when the correct orientation of 
the cDNA is used. A large quantity of ACC is produced. 

Example 7 

25 Expression of Zucchini ACC Synthase in Yeast 

The EcoRI fragment representing cDNA clone ACCl was 
subcloned into the EcoRI site of the yeast expression 
vector pBM258 (Johnston, M. , et al. Mol Cell Biol (1984) 
4:1440-1448) and introduced into yeast strain YM2061. The 

30 yeast cells were grown on YP medium (Sherman, F. , et al.. 

Methods in Yeast Genetics (1979) Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY) at 37 °C for 24 nr. 
The medium either contained 2% galactose or 2% glucose. 
After this culture, the cells were harvested and the 

35 supernatant was assayed for ACC released into the medium. 

The pelleted cells were resuspended in buffer containing 5 
gm glass beads and vortex-mixed 10 times for 30 sec and 
centrifuged at 2000 x g for 3 min. This supernatant was 
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also collected. Solid ammonium sulfate was added to 
achieve 80% saturation an the precipitate was collected 
and dissolved in 2 ml of 20 mM Tris-HCl, pH 8.0, io mm 
pyridoxal phosphate, 10 mM EDTA, 0.5 mM dithiothreitol; 
5 and dialyzed against the same buffer. No ACC was produced 

in medium containing 2% glucose regardless of the 
construction of the vector. Control host vector and 
control vector with the ACC1 cDNA inserted in the anti- 
sense direction also gave no production of ACC in the 

10 cellular extract. However, when the medium contained 2% 

galactose, the pBM-ACCl vectors containing the cDNA in the 
correct orientation did show the production of ACC in the 
crude extract as well as ACC activity in the extracted 
protein. ACC synthase activity was 2.6 nmoi/hr/rag protein 

15 in the crude extract; 354 nmol of ACC were formed per 100 

ml of culture. 

Example 8 

Antisense Inhibition of Ethylene Production in Tomato 
Plants 

20 The ripening of tomatoes was shown to be preventable 

by the transformation of tomato plants with an antisense 
construction of the tomato ACC synthase gene which, 
therefore, putatively inhibited the synthesis of indige- 
nous ACC synthase. The cDNA clone was inserted in the 

25 opposite sense direction under the control of the cauli- 

flower CAMV 35S promoter and used to transform tomato 
plantlets using the tumef aciens mediated method. The 
regenerated plants produced tomatoes which failed to 
ripen, and which produced no ethylene at the times after 

30 pollination wherein ethylene was produced in control 

plants* 

The antisense vector was constructed as follows: the 
35S promoter was obtained as a 302 bp fragment from pJ024D 
(Ow, D.W., proc Natl Acad Sci USA (1987) 84:4870-4874). 
35 The plasmid pJ024D was digested with Hindlll, treated with 

Klenow, and then cut with BamHI to isolate the 302 bp 
fragment using gel electrophoresis. This was ligated to 
3.5 kb of tomato ACC synthase cDNA by excising the coding 
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sequence from ptACCl by digestion with Xbal, filling with 
Klenow, and then cutting with BaraHI . The two BamHI frag- 
ments were ligated and the resulting ligation transformed 
into E. col^ stain 0H5A for cloning. The recovered 
5 plasmid was named pP032. 

The plasmid pP032 was partially digested with SacI 
and Sail and the digest was ligated into Sail /SacI 
digested pBHOl binary Ti vector (Clonetech) . pBHOl 
further contains the NOS 3' terminating sequences, as 
10 shown in Figure 18 . The resultant vector, designated 

pP035 was transformed into E. coli DH5A for cloning* The 
sequences at the junctions were verified by sequence 
analysis. 

pP035 or a control vector without the ACC-synthase 

15 gene was purified and introduced into Agrobacterium strain 

LBA4404 by a standard procedure described briefly as 
follows: A. tumefaciens LBA-4404 (2 ml) was grown over- 
night at 28°C in LB broth, and this used to inoculate 50 
ml of LB broth to obtain the desired culture. The inocu- 

20 lated medium was grown at 28 °C until the O0 w was 0.5 - 

1.0. The cells were collected by centrif ugation and the 
pellet was resuspended in 1 ml, 20 mM ice cold CaCl 2 . To 
100 Ml of the cell suspension, 1 /xm of pP03 5 DNA was 
added, and the mixture was incubated on ice for 30 min 

25 before snap-freezing in liquid nitrogen. The cells were 

then thawed at 37 °C for 5 min and used to inoculate 1 ml 
LB. After 2 h growth at 23* C with agitation , 100 m! of 
the culture were plated on LB+Kan^ medium; colonies 
appeared in 2-3 days at 28*C. The cells were recultured 

30 by picking several colonies and streaking on LB+Kan M 

medium; again, 3-4 colonies were picked from independent 
streaks and 5 ml cultures in LB+Kan M medium were grown. 
Stationary phase of these cultures were used for 
transfection of tomato plants. 

35 The cells can be frozen using 15* glycerol at -80 # C 

to store for later use. 
Preparation of Ho st Plants 

Tomato seeds were sterilized using a protocol which 
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consisted of treatment with 70% ethanol for 2 rain with 
mixing; followed by treatment with 10% sodium hypochlorite 
and 0.1% SDS for 10 min with mixing, followed by treatment 
with 1% sodium hypochlorite, 0.1% SDS for 3 0 min with 
5 mixing, and washing with sterile water 3X for 2 min each 

wash. 

For germination, 0.8 g of the sterilized seeds were 
placed in . a Seed Germination Medium in a filled magenta 
box and grown for 2 weeks at low light in a growth room. 
10 The magenta box contained 30 ml of the medium 1 • 

After two weeks, when the seeds had germinated, 
cotyledons were dissected for the seedlings by cutting off 
the cotyledon tips and then cutting off the stem. This 
process was conducted in a large petri dish containing 
15 5-10 ml of MSO. 2 

The harvested cotyledons were placed abaxial side up 
in tobacco feeder plates and grown for 48 h. 

The feeder plates were prepared from a tobacco cell 
suspension in liquid medium 3 at 25°C prepared with shaking 
20 at 130-150 rpm. The suspension was transferred to fresh 

medium at 1:10 dilution per every 3-5 days. 1 ml of 
rapidly dividing culture was placed on the feeder plate, 
overlaid with filter paper and placed in low light in a 
growth room. The feeder plates were supplemented with 10 



25 Seed Germination Medium contains, per liter, 

2.16 g of Murashige-Skoog salts; 2 ml of 500X B5 vitamins 
which had been stored at 20°C, 30 g sucrose and 980 ml 
water, brought to 1 N KOH and containing 8 g agar. The 
medium is autoclaved in 500 ml portions before filling the 

30 magenta boxes. 

3 MSO contains per liter 4.3 g of Murashige-Skoog 
salts, 2 ml of 500 X B5 vitamins; 30 g of sucrose and 980 
ml of water made 1 N in KOH to a final pH of 5.8. 

3 Tobacco Suspension Medium contains in 1 liter 
35 4.3 g Murashige-Skoog salts, 2 ml of 500X B5 vitamins, 30 

g 3% sucrose, 10 /il f a 0.5 mg/ml solution of kinetin 
stored at -20°C, 2 ml of a 2 mg/ml solution of pCPA, and 
980 ml of water made 1 N in KOH for a pH of 5.8 and 
autoclaved in 50 ml portions per 250 ml flask. 
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ml Feeder Medium. 4 The Agrobacterium c ntaining the pP035 
vector was inoculated into 50 ml LB containing kanamycin 
with a single colony of the strain. The culture was grown 
shaking vigorously at 30°C to saturation (OD>2.0 at 600 
5 ran) . The strain was chosen to come to full growth in less 

than 24 h. The culture was then diluted to 5 x 10* 
cell/ml with MSO nd split into 50 ml portions in plastic 
tubes. 

Cotyledons from two of the feeder plates were scraped 
10 into each tube and rocked gently for 10-3 0 min. The 

cotyledons were then removed from the bacterial culture 
into sterile filter paper abaxial side up on a tobacco 
feeder plate and incubated for 48 h in low light in a 
growth room. 

15 The cotyledons were then transferred axial side up to 

Callus Inducing Medium. 5 

In the Callus Inducing Medium, approximately f ur 
plates will be used per magenta box, and the explant are 
crowded. The box is place in a growth room for three 

20 weeks, and small masses of callus formed at the surface of 

the cotyledons. The explants are transferred to fresh 
plates containing the callus inducing medium every three 
weeks • 

When the calli exceeded 2 ml, they were transferred 



4 Feeder Medium contains 0.43 g Murashige-Skoog 
salts, 2 ml 500X B5 vitamins, 30 g of sucrose and 980 ml 
water made 1 N in KOH to a pH of 5.8, including 0.8% agar. 
The foregoing components are autoclaved in two 500 ml 
portions and hormones are added when pouring plates to 
obtain 1 /x/ml benzyl adenine (BA) and 0.2 M9/ml of indole 
acetic acid (IAA) . 

5 Callus Inducing Medium contains per liter 4.3 g 
of Murashige-Skoog salts, 2 ml of 50 OX B5 vitamins, 30 g 
of sucrose and 980 ml of water brought to 1 N KOH at a pH 

f 5.8. The medium contains 0.8% agar and is autoclaved 
in two 500 ml portions. When poured into the plates, the 
following hormones are added to the following concentra- 
tions: ljim/ml BA, 0.2 jig/ml IAA, 100 /ig/ml kanamycin, 500 
Mg/ml carbenicillin (Geopen) . 
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to plates containing shoot inducing medium.* 

When the stem structure is evident, the shoots were 
dissected from the calli and the shoots were transferred 
to root inducing medium-containing plates. 7 
5 After a vigorous root system was formed on the 

plants, the plantlets were transferred to soil. To do 
this, they were taken from the plates, removing as much 
agar as possible and placed in a high peat content soil in 
a small peat pot which fits into a magenta box with 
10 cover. When the seedling leaves reached the top of the 

box, the lid was loosened and continued to be uncovered 
slowly over a period of 4-5 days. The plants were then 
transferred to a light cart and larger pots, and kept 
moist. 

15 The regenerated tomato plants were allowed to flower 

and pollinated. Seeds from the regenerated plants were 
replanted and grown to maturity. Flowers of these first 
generation plants were pollinated and tomatoes were 
developed and ethylene measured by gas chromatography at 

20 specified days after pollination. Figures 19 and 20 show 

the results for two sets of individual plants VI. 1-4 
(which contains the control vector) and All. 2-24 (which 
contains the antisense vector) in Figure 19 and VI, 1-6 
(which contains the control vector) and All. 2-7 (which 

25 contains the antisense vector) in Figure 20. As shown in 

these figures, in both cases, the control plants which had 



Shoot Inducing Medium contains, per liter, 4.3 g 
of Murashige-Skoog salts, 2 ml of 500X B5 vitamins, 0.6 g 
of MES and 900 ml of water made 1 N in KOH for a pH of 
30 5.8, and 0.8% agar. The medium is autoc laved in two 4 50 

ml portions and then is added 100 ml of a 30* filtered, 
sterilized glucose solution. When the plates are poured, 
additional components are added as follows: 0.1 mg/ml 
zeatin, 100 Mg/ml kanamycin, 500 ng/ml carbenicillin. 

35 7 Root Inducing Medium contains, per liter, 4.3 g 

Murashige-Skoog salts, 2ml 500X B5 vitamins, 3 0 g of 
sucrose and 980 ml of water, 1 N in KOH to a pH of 5.8 in 
0.8% agar. The medium is autoclaved in two 500 ml por- 
tions and when pouring plates, hormones are added to a 

40 concentrati n of 100 Mg/ml kanamycin and 500 jig/ml or 

carbenicillin. 
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been transformed with control vector produced high levels 
of ethylene up to 8 ng/g fruit/h after approximately 50 
days after pollination either in the presence of propylene 
or in the presence of air* However, in both cases, there 
5 was no production of ethylene in those plants which had 

been transformed with the antisense pP035 vector. in 
addition, the tomatoes which failed to produce ethylene 
also failed to ripen, whereas the control plants did ripen 
at this time. 



The claims defining the invention are as follows: 



1 . A DN A molecule including an expression system that is capable of generating, 
when contained in a plant host cell, a complementary RNA that is sufficiently 
5 complementary to an RNA transcribed from an endogenous ACC synthas gene to 
prevent synthesis of said endogenous ACC synthase, wherein said expression system 
includes the reverse transcript of said complementary RNA, said reverse transcript 
being operabiy linked to control sequences that effect its transcription into said 
complementary RNA. 

10 2. The DNA molecule of claim 1, wherein the endogenous ACC synthas gene is 
an ACC synthase gene of tomato or zucchini. 

3. The DNA molecule of claim 2, wherein said ACC synthase gene is either LE- 
ACC2orpACC1. 



4. A plant or plant cell modified to contain the DNA molecule of any one of claims 



5. The plant or plant cell of claim 4 that is either tomato or zucchini. 

6. A method for inhibiting ethylene production in a cell that normally produces 
ethylene, said method includes culturing in vitro or in vivo a cell that has been modified 
to contain the DNA molecule of any one of claims 1-3 under conditions wherein said 

20 complementary RNA is expressed. 

7. The method of claim 6, wherein said cell is either a tomato cell or a zucchini cell. 

8. The method of claim 6, wherein said complementary RNA complements RNA 
transcribed from either a tomato ACC synthase gene or zucchini ACC synthase gen . 

9. A transgenic plant that exhibits properties resulting from a lack of sufficient 
25 endogenous ACC synthase, wherein one of said properties is a delay of fruit ripening 

and wherein said transgenic plant has been modified to contain a DNA molecule 
including an expression system that generates an RNA complementary to RNA 
transcribed from an endogenous ACC synthase gene. 

10. The plant of claim 9, which is either a tomato or a zucchini plant. 

30 11. The plant of claim 9, wherein said complementary RNA is complementary to 
RNA transcribed from either a tomato ACC synthase gene or a zucchini ACC synthase 
gene. 



.15 
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12. The plant of claim 9, wherein said ACC synthase gene is either LE-ACC2 or 
pACC1. 

13. The plasmid designated as pP032. 

14. A DNA molecule according to claim 1 substantially as hereinbefore described 
5 with reference to any one of the examples or accompanying drawings. 
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caac 1 1 tcaaATGGGGTTTCATCAAATCGACGAAAGGAACCAAGCTCTTC 
MGFHOIDERNQAL 

E R N Q A L 
TCTCGAAGATCGCCCTCGACGATGGCCATGGCGAGAACTCCCCGTATTTC 100 
LSK IALDDGHGENSPYF 
LSKIALDDGHGENSPYF — pACC7 
GATGGGTGGAAAGCTTACGATAACGATCCGTTTCACCCTGAGAATAATCC 
DG UKAYDNDPFHPENNP 
OGUKAYDNDPFHPENNP 
TTTGGGTGTTATTCAAATGGGTTTAGCAGAAAATCAGCTTTCCTTTGATA 200 
LGV1QMGLAEH0LSFD 
LGV1 OMGLAENOLSFD 
TGATTGTTGACTGGATTAGAAAACACCCTGAAGCTTCGATTTGTACACCG 
MIVDW IRKHPEASICT P 

MIVDUIRKHPEASIC 
GAAGGACTTGAGAGATTCAAAAGCATTGCCAACTTCCAAGATTACCACGG 300 
EGLER FKS IANFQDY HG 

CTTACCAGAGTTTCGAAATGCAATTGCAAATTTTATGGGGAAAGTAAGAG 

LPEFRNAIANFMGKVR 
GTGGGAGGGTAAAATTCGACCCGAGTCGGATTGTGATGGGTGGCGGTGCG 400 
GGRVKFDPSR 1VHGGGA 
ACCGGAGCGAGCGAAACCGTCATCTTTTGTTTGGCGGATCCGGGGGATGC 
TGASETVI FCLADP GDA 
TTTTTTGGTTCCTTCTCCATATTATGCAGGATTTGATCGAGACTTGAAAT 500 

FLVPSPYYAGF DRDLK 
GGCGAACACGAGCACAAATAATTCGGGTCCATTGCAACGGCTCGAATAAC 
WRTRAOI IRVHC(N)GSNN 

TTCCAAGTCACAAAGGCAGCCTTAGAAATAGCCTACAAAAAGGCTCAAGA 600 

FQVTKAALE I AYKKAQE 
GGCCAACATGAAAGTGAAGGGTGTTATAATCACCAATCCCTCAAATCCCT 

AMHKVKGVI ITHPS HP 
TAGGCACAACGTACGACCGTGACACTCTTAAAACCCTCGTCACCTTTGTG 700 
LGTTYDRDTLKTLVTFV 
AATCAACACGACATTCACTTAATATGCGATGAAATATACTCTGCCACTGT 
NQHOI HLICOEIYSATV 
CTTCAAAGCCCCAACCTTCACCAGCATCGCTGAGATTGTTGAACAAATGG 800 
FKAPTFTSIAEIVEQM 



FIG. 1B(i) 



3/40 



PCI7US9 1/06453 



AGCATTGCAAGAAGGAGCTCATCCATATTCTTTATAGCTTGTCCAAAGAC 
EHCKKEIIHILYSLSK_D 
ATGGGCCTCCCTGGTTTTCGAGTTGGAATTATTTAT TCTTACAACGATGT 900 

MGLPGFRVGI 1YSYNDV 
CGTCGTCCGCCGTGCTCGGCAGATGTCGAGCTTCGGCCTCGTCTCGTCCC 

VVRRARQMSSFGLVSS 
AGACTCAACATTTGCTCGCCGCCATGCTTTCCGACGAGGACTTTGTCGAC 1000 
QTQHLLAAMLSDEOFVO 
AAATTTCTTGCCGAGAACTCGAAGCGTGTGGGCGAGAGGCATGCAAGGTT 

KFLAENSKRVGERHARF 
CACAAAAGAATTGGATAAAATGGGGATCACTTGCTTGAACAGCAATGCTG 1100 

TKELDKMGI TCLNSN A 
GAGTTTTTGTGTGGATGGATCTACGGAGGCTATTAAAAGACCAAACCTTC 
GVFVWMDLRRLLKDOTF 
AAAGCTGAAATGGAGCTTTGGCGTGTGATTATCAATGAAGTCAAGCTCAA 1200 

KAEM ELWRVI INEVKLN 
TGTTTCTCCTGGCTCATCCTTTCATGTCACTGAGCCAGGTTGGTTTCGAG 

VSPGS SFHVTEPGWFR 
TTTGTTTCGCAAACATGGACGACAACACCGTTGACGTTGCTCTCAATAGA 1300 
VCFANMDDNTVDVALNR 
ATCCATAGCTTTGTCGAAAACATCGACAAGAAGGAAGACAATACCGTTGC 

I H S F V E N I D K K E D N T V A 

AATGCCATCGAAAACGAGGCATCGAGATAATAAGTTACGATTGAGCTTCT 1400 

MPSKTRHRDNKLRLSF 
CCTTCTCAGGGAGAAGATACGACGAGGGCAACGTTCTTAACTCACCGCAC 
( SF SGRRYDEGNVLN SP H 

ACGATGTCGCCTCACTCGCCGTTAGTAATAGCAAAAAATTAAt taaaaac 1500 
TMSPHSPLVIAKM 

atttttcaaaatattcataccattcatatagttttttttttttttttttt 
tgggccaatgttgactaaagttacgtatattct t tccacagtggatatga 1600 

tgtaaacttcatattttttggtgggatggtgatagatgtaatgtatttgg 

ttt ttcccttagggaac tea tact tat t tat t aatgaaa t gat tgtgat t 1700 

tat 

FIG. 1B(ii) 
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fill 

ca 

cattggttggagagagaggaacgagtgcaacgaggatgctgggctctgaa 

aaggggtggattg-tgagatcccacgaacgQQQcattctttgtaagggtgt 

gaaaacctctccctagcatactcg tttt aaaaacc-tcaaggagaag taca -25 0 1 

aaaagaaaagccgaggaaggatttcaaaaagttagaacttcattaaaaat 

gaaagcacaaagaagagaattattagtaatgttcttgcacaagtataagt 

tgaQaQactQattctQtcaagtgtgaQtccacactcQtctttCQQaQttQ 

agcaQacaQaacgagtcatgctigccttctccaaattttatcactaQiag 

tgtgacQctcaatgtcccacUaccattct-tggcccccQcaaccacctcc 

aagaaacaa-taactittactacccaacccccaattttggaacaaaaatga 

^ gtcQaatQtQtgaacaQtaacatcgtgtttcttct-taccgactcggttga 
atatgcaacgittataatatacttcaagaaattttgagQcattactcaaQ 
taaagictctcacaaaaatagaaiaictt'taiaclag'ta-taa'tgaatigt 
ccacttcgatttaaa-tcctctaaagttcactttcgtaaatggcttaatga -2001 
acagatttattaggatcaaattcaaaagttgaatgagactaaa-tagatat 
aataaaatc*tgatig*t-tgcatgaagta*tgcagc"tcaaagatga*tgt-tttg 
cgaaaaaaatgcaaactaagcatgagtgcttctgtaaaaaaaaaatgaaa 
aagaaaaa-tatala-tcgtactaicaaaaacattgtccitacttagacagc 
icaaaacttttcata-ticctata't-t-tg'tttata-t'tgaaac-tiiiiccatt 
-tcat-tigWaaa-tcata-ti'tggi-tgi'ttaaa'taagaa-tactg-taacag't 
ccaagctcactg-ttagtagatai'tgtct'tc'ttcggact't't-tccggct'tct 
tctcaaggtttiaaaaigtg-tctactagggagagattttcacacacttat 
aaagaatgaticgttctcctct-tcaac'taa-tg'taaaa-tctcacaaa'tac-t 

C " aaacaattggaatttattaggatcagaat caaaagtt gagagat atagtg - 1 5 0 1 
gaaacgaccgtcgagattaaataga-tacaa-tcaagiitgaica-tig-tac-t 
aaataagtagctcggagatgtatacgagaaaagaaagcgcactataaaaa 
tgaggtaaaaagtggtcggagtag'tatacaa'tg'tgagaggtatgcaaata 
tacgtatttcctitaggtgaaaaagiccgaaaccacaccaaaaagcactc 
ttaaaaatgtgccaaaacggt-tctaicac-tcaa-tg-tcaaaic-tticaait 
caaaagcatgtggg-tat-tga"ttgctgcttccaacgaagc-ttcat-tctcc-t 
acttgttacacacacacaaac-tcgt-tgttcatgaccaat-tctatcccctt 
tcccatgtcatcc-tccaaacttttgacccttcaatt-tggtcccc-taaccc 
tttttttcatcacatgggatgcaaccatt-t-tga-tttagtctacgacattc 
ttttcatttatctacttacgccc-tccgagggaacagttggattgaaagtt -1001 
cgacttcttagccitggaga'tgagagaaccgg'tacac'tccatgaa'ttaca 
aaat-t-taaatctctaatcc-taact-t-tggagctacgtaigaccittgtatc 

FIG.6A 

etiRRTITUTE SHEET 



WO 92/04456 PCT/US91/06453 



10/40 



"tttgiQagagcti't'tcicaQ-tgc-tQacaQaiQt'tg'tcta'tttcagc'tgg't 
tacgcat-tgicg-tctgcticccgattitaaaa-lacgtciat-taaggagag 
gttttcQCocccitactogoQacgtt-tcgttctccctctaaatgtgagQt 
c-tcaccgtaactagctagagat-tQaaa1giia-t - tQ - tQgc-tQgagat'tcQQ 
ccaaacatoacacQaaaagataa'tcatagggatcaacaaaattcataQct 
agttctiQtaaiatgcaataaaaticQaattaa't'tatgcQitagQQgQaa 
oiQQQQaaQcoattQQgQ'tQQCccQQQaa-t'tQQtticc't'tc'tacctaiQQ 
a-tctQ'taataagat"tcgag - ta - t-taga1 - taaaa1ia-tcccaaatcaagaac -501 
ataaatiaagatca'taaacgtaata-to-t'tt'taatcgagaacg'taaa'taca 
ggacQtacQgattaagaQi-tcQQatQttttgaa-t-tataaiQ-tgoQtttgQ 
tagaaaa-taaaacaQaQac'tQQaaQa'taQac't'tag'taa't'ta-tga-tgQga-t 
k ; aaaagoaga-t-t't-tg-tgacatgata-tt'ti'tgt-ta-tg-t-tccaaatctagag-t 
atgcc-tccacacatgcggggtcgggtcggc-tgiglg-tgtggctcgtctgc 
ttgct-tgaa-tcacQQCcc-tccacgcQlgcaottocgccc-tccttgoctcQ 
aaccccat-titaacictctct-tccat-tt-t-taiiatttt-t-tc-tttaa-tttt 
tttcatcacigt-t-t-tttt-t-t-t-tti-ti-tt-t-t-tcaigg-t-tigaact-t-tgaaa 
agttgaattttctacacgtttgattttcctggtaQgQQcttgatcttgtt 
ggaict-tcrtcaclgc't'taittMi'tcoctcQaitc-tcl-tct-t-tct-t-tcc-t - 1 

atcttacaacccaaaacctctcatttttaggcacatctcaacaactttca 
aatggggtttcatcaaatcgacgaaaggaaccaagctcttctctcgaaga 1 00 

hgfhqioernqall.sk 
tcgccctcgacgatggccatggcgagaactccccgtatttcgatgggtgg 
ialddghgenspyfdgw 
aaagcttacgataacgatccgtttcaccctgagaataatcctttgggtgt 

kaydndpfhpennpl g'v 

TATTCAAATGGGTTTAGCAGAAAATCAGg-tt-tggta-ta-tcg-tgttttcgt 

I QHGLAENQ 
gttt-t-tcttatatgacttcQcgtt-tgaaaQit-tcgc-taQctttgtttttt 
tgtgaatttcgatagCTTTCCTTTGATATGATTGTTGACTGGATTAGAAA 
LSFDMIVDVIRK 
ACACCCTGAAGCTTCGATTTGTACACCGGAAGGACTTGAGAGATTCAAAA 

NPEASICTPEGLERFK 
GCATTGCCAACTTCCAAGATTACCACGGCTTACCAGAGTTTCGAAATgta 
SIANFQDYHGLPEFRN 



FIG.6B 
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cgagatatgatQtactct'taac-tatatc^gaac'tcaQaaggt-taagt'tgQ 500 
tgggttQ-tgQ-tDQaQtttctttct-tgtcQgGCAATTGCAAATTTTATGGG 

A I A M F M G 
GAAAGTAAGAGGTGGGAGGGTAAAATTCGACCCGAGTCGGATTGTGATGG 

KVRGGRVKFDPSRIVM 
GTGGCGGTGCGACCGGAGCGAGCGAAACCGTCATCTTTTGTTTGGCGGAT 
GGGATGASETVIFCLAD 
CCGGGGGATGCTTTTTTGGTTCCTTCTCCATATTATGCAGGgtgagitct 

PGDAFLVPSPYYAG 
tctttcatttccttt-tg-ticacttttctttQogtcQQtattccttagtcc 
aacctggaaagagaaagaagagagagaQagaaacca't't'tgacaQaitaat 
aactctQcaaottc-tct-t-tgaoagi-t-tgotgti-tt-ttttQaggtcaQQac 
ttcQaccattrtct'tgcaaagaaaaaaaaaag'tca-taatia'taa-tgaaga 
aQaaac-taggcca-tccaQgtcaacct-ti-tiaaQ-tgctQa-taQQg-tcaatQ 
tgctttgtaggtt-taQQOQacaataQat-tgct-taa-tcQti-tc-ttaaoi-t-t 1 000 
taat-tQQaccc-t-t-t-tgac-ti-ta-tcattacccatitaca-taaa-t-taacaQ-t 
ttat-tgctcittttgtQgtaaoattQaiQaQQQQaQagttaggtgtQQoc 
gtacog-tai'tatg-ttQ-t-tg-tQaaaatac'tgagaagtgt'tagia'tgtlgt-t 
tttcagATTTGATCGAGACTTGAAATGGCGAACACGAGCACAAATAATTC 

FDRDLKURTRAQI I 
GGGTCCATTGCAACCGCTCGAATAACTTCCAAGTCACAAAGGCAGCCTTA 
RVHCNRSNNFQVTKAAL 
GAAATAGCCTACAAAAAGGCTCAAGAGGCCAACATGAAAGTGAAGGGTGT 
EIAYKKAQEANMKVKGV 
TATAATCACCAATCCCTCAAATCCCTTAGGCACAACGTACGACCGTGACA 

I ITNPSNPLGTTYDRD 
CTCTTAAAACCCTCGTCACCTTTGTGAATCAACACGACATTCACTTAATA 
TLKTLVTFVNQHDIHL I 
TGCGATGAAATATACTCTGCCACTGTCTTCAAAGCCCCAACCTTCACCAG 
CDEIYSATVFKAPTFTS 
CATCGCTGAGATTGTTGAACAAATGGAGCATTGCAAGAAGGAGCTCATCC 1500 

IAE1VEQMEHCKKEL I 
ATATTCTTTATAGCTTGTCCAAAGACATGGGCCTCCCTGGTTTTCGAGTT 
HILYSLSKDMGLPGFRV 
GGAATTATTTATTCTTACAACGATGTCGTCGTCCGCCGTGCTCGGCAGAT 
GIIYSYNDVVVRRARQM 
GTCGAGCTTCGGCCTCGTCTCGTCCCAGACTCAACATTTGCTCGCCGCCA 

SSFGLVSSOTQNLLAA 

FIG.6C 
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TGCTTTCCGACGAGGACTTTGTCGACAAATTTCTTGCCGAGAACTCGAAG 
MLSDEDFVDKFLAENSK 
CGTGTGGGCGAGAGGCATGCAAGgtttg-t-taaactQcacca-ttQtiattt 
RVGERHAR 

gtgggattgaaaQgcattac-t-t-t-t-tgcaQt-taQ-tt-tQagQatgtQttaa-t 
caoottcagGTTCACAAAAGAATTGGATAAAATGGGGATCACTTGCTTGA 

FTKELDKHGITCL 
ACAGCAATGCTGGAGTTTTTGTGTGGATGGATCTACGGAGGCTATTAAAA 
NSNAGVFVWMDLRRLLK 
GACCAAACCTTCAAAGCTGAAATGGAGCTTTGGCGTGTGATTATCAATGA 

DQTFKAEMELWRVIINE 
AGTCAAGCTCAATGTTTCTCCTGGCTCATCCTTTCATGTCACTGAGCCAG 2000 
VKLNVSPGSSFHVTEP 
<<\~' GTTGGTTTCGAGTTTGTTTCGCAAACATGGACGACAACACCGTTGACGTT 
GVFRVCFANMDDNTVDV 
GCTCTCAATAGAATCCATAGCTTTGTCGAAAACATCGACAAGAAGGAAGA 

ALNRIHSFVENIDKKED 
CAATACCGTTGCAATGCCATCGAAAACGAGGCATCGAGATAATAAGTTAC 

NTVAMPSKTRHRDNKL 
GATTGAGCTTCTCCTTCTCAGGGAGAAGATACGACGAGGGCAACGTTCTT 
RLSFSFSGRRYDEGNVL 
AACTCACCGCACACGATGTCGCCTCACTCGCCGTTAGTAATAGCAAAAAA 

NSPHTMSPHSPLVIAKN 
TTAATTAAAAACATTTTTCAAAATATTCATACCATTCATATAGTTTTTTT 

TTTTTTTTTTTTTTGGGTCAATGTTGACTAAAGTTACGTATATTTTTTCC 
V. y ACAGTGGATATGATGTAAACTTCATATTTTTTGGTGGGATGGTGATAGAT 
GTAATGTATTTGGTTTTTCCCTTAGGGAACTCATACTTATTTATTAATGA 
AATGATTGTGATTTATGAattaiaQ-t-tgta-tati-tt-trt-t-taaaagttt-t-t 2500 
ttattgcQaaQQ'taQQ'tQQg-tattatgQggaattgtaattgaa'tggaQQa 
ggtQtQgagtcQQagggaQtaaacataiatt-t-tQ-tt-tti-tct-tatggaag 
ttttgt-tcaiacttaaaa-tgtQt-ta-tttit-ta-tggQaQC-ti-ta't-tgact-ti 
Qaagatt-tgggacaaaggg-tatgQ-tatg-ttcQQgtt-ta-t-tQcgt-t-tg-tlg 
gattQg-tcacttcattgacatiga-tgtttttgttgtcatattttgtcatt 
ai'toccacaci't-tttttg'tciQQaagcaQgc't'tQtattcQQtgaggatgc 
QaaaQ-tQctttaiaQatgg'tt'tgtcta-tgtttgggtctcQ-tagatgcacc 
ttta'tacQQaaccgttcatacaaacaQccaoattaiQiatgtcgaiccQg 
aQacgctQtatQcaQQgtcaaaiacit-tacigacoaaciacgatcgtica 

FIG.6D 
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ccgtccta-taacatctttitcgQg-trtaaccattcaa'tgttacatcgt-tt 3000 

tttmtitgtitggtoaaiactttttctttttgctttgttaaattotaa 

ctt 999"t^9"t"ttttgtgcaattta*lctQtttQ*tQtgcQgt*tgacttQgtt 

agcttgtattgitctagtag-tgaa*lgQCtQgtQtcttgQgttgaggggct 

acctcataaQatctagtaggacgacQtgatagcgtggatctgaatattat 

"ttatggaaggttaattaacatQctct*tctQcaagaccataaagtcatact 

QQatt-tgggggagtgaccicgtg'lQC-t-tgccQgctagiQagitacgtg'ta 

tggtccctcQccctccctcQccctctQg-tcaiitcgQctQgataaagaca 

caiggttgcc-ttgacgtgQtatattQ-tttggcccQggccaQacttgQigg 

tacaactgttg*tgctcciaccactaaaataactgatctaggtcacacatg 

gc-tattagg"t"t-tg-tiaagc1;ttct*taaicatcct-tgga*tgct-tcgaggU 3500 

tat-taggttttcaggQ-tg-tctQgattgtttaQatctcgaactctcatttc 

■taggaactciggactgcQCctctQggciaaictQgtttQtaggagcQctQ 

tggicctgaccoctgatct-tcQctcacgatcctagggiactcgttctaga 

a ' t 999"t9" t 't a 9 a 9' t *tttgaQcagtttcQcgt1;gacc"taggtcagaacg'tt"t 

tcattagaccgaacacgrtQagatcgtgQgcgacaa'tcaQ'tggtcaQga't 

talQg-tgcicc"talQQac"tQgattagtcccaQgg*tgcQgicca-ttg-tgcQ 

"tagQaatgagagtiggagQii-taQacaQCciagatgicctQaaacctagt 

aaQcrtcgaaggcatccQatgaigactaQgaQatcttaacaaggctat'tQ 

gcagtgtgaacgg-tgtcatgagagcQt-ttgcctcctatcttcttcggtac 

gtcat-tagrtctatcaalgacctaggtCQgt'tc't-tt-tag-tggcg-tgtcQQ 4000 

9^99"t a 99 a 9 c ttcaagagt"tg"tQCcatcQQgc*t'tggcc*tQggccQaatag 

tatagcacg"tcgaggaaQCCQtgtgtcWQ-tccQg*tcQaaQtgQctagg 

ggQcttctQaQQQaggtctctgcaccatQQaclgaicccgagagagggtg 

agggaccatacaggtaacttag-tagctgacQagcacacgaggtcgctccc 

ccaaatttagtgact'tiQ'tgg-tcg'tggagaagQgta-tgtiQg-tlaaccii 

cca-taaataatg-t-tcacatccQcgatatcatacggtcgtattagatttia 

tcactattgtgtt-tgtQtgcatggttttgcaiQQaggtagQtcrtgiagcQ 

gacagti-tgcgta*t*tggaa*tggcQCcgcca*t-tgt-taagaagg-tggacQCc 

gtg-tggccgaQctctgatatgaacaaaatgaagacaagacaag-tggacat 

ataiaQ-tcccatgaaccaggti-tggacgtaaaacaaiQ'taatgcctgtcg 4500 

ttttcagctgcccatttcgQCQQQcactcatctccattgtccQgtgggtt 

ctccttotQticaQCQQaQQWgtt'lgaatgtt'taQagaiQaQaatttg 

acttttaaaccQaaaccgtgQ'taQcttagga-kggtg'tga'tQQ'tQtttQag 

tcccaattttcatttgaattttaaaattgtttgaaaaaaaca*tatatatt 

ttttat-taaaataaaaga-tgaaggi-tgacaicgaaatcttacgagataat 

ccttatcggcgtictQacgaQQt'taQ'tactQtcQtggtcttQ-ttc'taaaa 

gtcta-tgtct-ttta-tg-ta't-tg-t'ttaa-tcaQatQtgaQttac-tlggQaQat 
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gggatcttgtgtg-t-t-tgact-tgagi-t-tgaacaQt'tg'tcQQaQtgttagct 

g-taaag-tagicgcccticicatccQtttagtttaQaggQtgtttcgagtt 

taaattttctictctcQctccaagggagaatcatctatgtcattatatat 5000 

gcaagggtggt-t-tgat-tatgQtaga-taga-tg-tacatt-taacctgt-taagt 

Q 9999^atgcggQtcQgQgQtciactttQQQ"tggcgtagQQaatcctgt 

ttaQacoggg-tcgggaQlQaggai-tatcQtQctctQCCctgctcacttct 

iatgiataaa'tQtQgatQgQataaatgQgaaa't'tiia'tggaaa'tgaaaat 

tgaagtaggoggQQggcgcagggacggg-taogact*tccccgttctcacgc 

ttccccataaacatcatacitcaac-ti-tga"tgaagitt*tgaaati-ttgttt 

ggtggQtQtccaQtQagtctcaiigcactaaacaaQgccQgggaagQgtt 

CQtQaatQagacgtQQagttgtggtctccQQcacgtaaaQCQtQgt'tQct 

cctcttgatticccQtgtQQ'tlgagaQi'ttQgQgciiiagig'tgl-t-taga 

cgaggaagattgcW-tcactgaacacigagt'tg-t-lccc-taaa'tctat'ttg 55 0 0 

ttacaacgaggtt*ta1;cactgcttaagtgatgtaatttaggttttaQttt 

ctQgaQaacgtgaciQtgtgtQaig'tcQgact-tg'l-taggQC-t-t'tgagcQt 

QQgclctcatgtctttgQtt'tgaQcttic-t-tQQQaQg'ti'tcatQCCQa'tg 

gagaigiai'tcrtcg-t't-ta'tQaacicaQgQicQt'tcgcrtaacgigggacI; 

tcrticcga'taa'tcctcaacQaaQrtcQgta't'taacUcag't-ttg-t't'tgg 

^9aagtg-ttagaccctitc , t-t*taa*tcacatgcaatcatggtgagat*t'tg-t 

cttttcataaaaatatta-tggccitatattcta-t-ttccagtctgaacaga 

gttgaQ-tgag-ttgtQcttctctQCQQtcQgcccatgcQCQCotQcgQgaQ 

cccaccagacggactcatgictaaacQaaagggaQgaatcQcat'tagagg 

gtgaagaagaaacattt-tacQcaog'tgcicggQgcaacaatQcgtcattt 6000 

accaaaca-tggatataQaaatggigacaaQggaagaagcrtQ-tcQagcaca 

^tcagggagagctcagaagaacgacaacaataactctcaagtgaagagat 

^tgggg^tttQc-tQcaactgcggQQaQQgggctacatgtccagagQtg 

9ttggtciaQgaQQQtttttgiigaaQgcQQigtggcQQcatccQQaQQg 

gttgaiggaagaiaaa"tgggatgcQgQggcaa"tQtg-tgtcg*tagaQgQaga 

cgagctagcacttatggtttataaagagagaacatattgattatgaggatg 

actgaatcattgaltcaggatgcitaaaccacatgattaacaaicagagt 

ggaQcaattggatgcggQgtggccctcQgagaQtgQQgtatttcaQggct 

tggaaftc 
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QagcttaQigactacgaQtcQQ 
gctac-t-tatcatccat-taQ-tcQt-t-taatatacctcaatacgtctaactca -25 0 1 
a-tcatgttc-tcatcatatttttgacgittaac-tgttcgtggg-ttggat-tg 
gg-ttgao-t-tgQaQcggt-tcttQgatctoQC-tQQottgttcgagtttcaac 
tt-tga-t-tQaQ-taa-tgaac-tcaQcicoacccaQCcgaQtca-taaagi-t-ttg 
ga-ttgaaci-tgt-t-tggg-taacc-taa-ttctatacaagcaag-t-tcg-taatcc 
aaatgaaadQta-ta-ta-t-tgagtioagctgaicgaatt't-t-tcgao-ttcaQ 
Qtt-t-tgt-tgat-tatct-tctcattg-ttc-tatcQQCct-ttgtatQgt-tcttt 
gtcQCQaaaacaaatcc-tcaccgoccatactQttaat'tgtgQ-tc'toacgt 
aaaaaQQacgWgt'ttatg'taacactitaatga'tcatQttic'tagat-tc 
actaaaQagatcaig'tacaaQcaaaatQgtcgQicQCQaagac'tatQi'tc 
(. ,, ? agaagccoatt-ttta-t-t-ttQa-ttcgactcg-t-t-t-tgaa-tctg-tg-t-t-t-t-t-t-t -2001 

ttttttt-tttt-tgaaicvagacgaagaataacoQaQatctctccaaaatt 
cgatctccattgactitt-tgg-taccgatccat-taa-tgaacgtgggtttga 
ttttagaQgccctattgaQ-t-tt-tcttg-t-l-tgQQt-tta-ttaQ-tcttctt-tg 
Q-tlgcgattgaccaattgQ-t-ttggtlgagactcaQaa-tcccaaaocalQc 
aaaag-tcttaaig-taacaQcgaQctcatgaacata-tcgttaa-tgca'taca 
tatcacaaaogcgtt-tcaacacat't'tgagtaaaagtgacgaaaogctgaa 
cttttttaQaocaoact-tcgaQCct-tttQactttttatatgaattgaaca 
■taQCQacaQQatgttaaca-ttgta-t-tgacaicatta'ta-t't-taacaa-tt't-t 
ccaccgaccatactac-taattgtac-tc-t-taaa'tggaag-t'tc-ttatiiicg 
ttctcaaa-ta-t-tctQatcgt-ttttattcattcQtcgttcaacagctoctc - 1 5 0 0 
-t-ta-tgcal-tottt-tcttccgt'ttQ-tcoa-t'tiQca-t-t-tctQgatccac'tQa 
aagt-tcataaacQQacaoaatogtcga'tcccag'tcgatcccaccgacca-t 
cttcctatagaagccaa-t-tt-ttat-tt'taa-ttcgactcattttgaaattQt 
gttatt-tccccQQaat-tcatctcc-ttcaac-t-t-t-ttggtgccaa-tccat-ta 
otgaQcgtgaggt'tgg-t-ttagQagtccat-tgggtt't-tgttg'ta-tga-ti-ta 
Q-tta-t-t-t-tctttgccQact-ttttcgtggtcaQgcccatcgatttaaatat 
ttattatttgtttct-ta-tcatt-t-tct-ta-lcggctaQtacgatogt-tttct 
atttgagcgagaaaaagcgtgctaggagattcatattggtttgtggga-tt 
gtctaaacgigQCca-tl-tg-taggaga-tgcaagggaQ-taatgagacataca 
tg-tgc-tgaat-tcagat-tcagaat-tg-tt-tcaaat-tccgagcatggatac-t-t - 1 0 0 1 
cgtaaaagttgaaaaaccatgcacacctcgaQcgagtgQacaQ-taQ-tQ-t-t 
gcct-ttctttcgcccccQ-tQC-tCQagaaagcttgggacgctaca-taagaa 
gt-toaattaggtatcat-tgaaa-taggata-tat-ttg-tacttgtatgatg-ta 
t-tg-tca-taci-tctcgac-t-tca-tctaatta-tagagtttcgaagt-tt-tcotQ 
ctttcccatttttg-t-tgQQaa-tg-tattat-tgcQcgag-tgcag-ttgga-t-ta 
aacQ-tc-tgaaccccaQcgagaaUaQ-t-t-t-tc-tcgaa-tt-t-t-kcaUtacgQ r I b . / A 
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tcQQgc-ttccagaat-t-tta-ttgaQaacc't-tagaga'tcgaat'ttaggaa-ta 
cagtagQagagaatga'tgctcggaQtgt'tt'tctagQagctcgaQaQaatQ 
-taaaataaaatcgtQgQQaa-tQaaaaaatg-tgtgg-tcaaag-tcQQ-tagaa 
-t-ti-tgccccicc-tagiQit-t-tggagacccicgaaaQacccgQgtgaaiga -501 
icatt-ttaggt-ticggtx-ttcctcaaaQtctQaagtgtQtgaagaQQtta 
gcatatgaaaatt-tagtatgt-tga-tcttgtcatgatttcgcacatttttc 
tiaaaagaacctgaagtcaaaicaiaacggQaciaggaga-tcgaagaoga 
cccaogaacggta'taQacacatQaatatgaaggit'ttgQgaggggQcgaa 
agactacQtoagiagtQtQ-ttgaggagcta't-ta'ttgtg-tatggoggaagc 
ccactctgQgaggagatgQgagactacaaQagtagatcagctg-tgtctcg 
aagcciaQaaaai-tgggtlgtgQcatigaaQg't'tcga'tttttcctaQggt 
gaCQtaaggggatctQ-taQcatcgtac-tct-ttg-tt-ttg-ttccoot-ttcct 
acacacacgact-tggtcggctgt-t-tgtggct-tg-tc-t-t-t-t-tacQtgg-t-ttc 
■ aacQtgaccc-tQQQct -ta-taaa-t- tcttC-tcccnl-titQ-t-tcit-tct-ttcQt 
atcttaacQacccQaaQgctctcatttttagggacacaaQQacaaacacc 
tcaacaac-tttcaaATGGGGTTTCATCAAATTGACGAAAGGAACCAAGCT 1 00 

MGFHQIDERNQA 
CTTCTCTCTAAGATCGCTATCGACGATGGCCATGGCGAGAACTCAGCCTA 
LLSKIAIDDGHGENSAY 
TTTCGATGGGTGGAAAGCTTATGATAACAATCCGTTTCACCCCGAGAATA 

FDGVKAYDNNPFHPEN 
ATCCTTTGGGTGTTATTCAAATGGGTTTAGCAGAAAATCAAgtitcgto-t 
NPLGVIQMGLAENQ 
atagtgtt't-tcaig-t-t-tt'tc-tta-ta-tcat-ttcacgt-t'tgaaaQ-t-ttcgc-t 
aac-tttgt-ttctgtg-tgaa-t-ttcga-tagCTTTCTTTTGGTATGATTGTTG 
, . L S F G M I V 

^ ACTCGATTAGAAAACACCCCGAAGCTTCGATTTGTACACCTGAAGGACTT 
DWIRKHPEASICTPEGL 
GAGAAATTCAAAAGCATTGCCAACTTTCAAGATTATCATGGCTTACAAGA 
EKFKSIANFQDYHGLQE 
GTTTCGAAAAgtactagata-tgatat-tctQactQtatctaaactcagaag 500 
F R K 

cttQagtcgatggat-ta-tga-ta-ta-ta-ta-taiaioi-t-ttaiitttcagGCG 

A 

ATGGCGAGTTTCATGGGGAAGGTAAGGGGTGGGAGGGTGAAATTCGACCC 
MASFMGKVRGGRVKFDP 
GAGTCGGATTGTGATGGGTGGCGGTGCGACCGGAGCGAGCGAAACCGTCA 

SRIVHGGGATGASETV 
TCTTTTGTTTGGCGGATCCGGGGGATGCTTTTTTGGTTCCTTCTCCATAC r 
IFCLADPGDAFLVPSPY Hb./D 
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TATGCAGCg-taagt-t-ttU-tttt-t-t-tt-tt-t-tct-tttaaa-tc^ctcc-t-t-tt 
Y A A 

cQctttacQtQtQgagagagaaaccat-ttgQcaQQtiaitaQctctocaQ 
QttctctttgaQagtcg-tatgt-t-t-tgggagggtccaaact-tcaaccat-tc 
taccaagtaoacaQtccQCC"tct't"tcatgcctcQi - tgctggca-tacc"tcc 
tcgtcttctccctatQctttctttctttgtattcttctccctaaccgatg 
tgtQatitcacaatciactccticgQgctccagcattcttg't-tggcacac 1000 
cQcittg-tgtccactccccttcgaggctcagccttctcgctagctcattg 
c-tcggtg-tclggt-tctQQta-tcat-t-tgtaacag-tccaag-tccaaigc-tag 
tQgotQt-tg-tcctcgc-t-ttgggct-ttccc-tctcggQcattccatcaQgtt 
tt-tQgaQcacgtctgctQQgaaaQogttttcacocccttataaataQtgc 
ticgttctcciccctaaccgatatgggatctcactgaa-ta-t-tacccact-t 
gaQ-taaactQataac-ttg-tgctcUcg'ttcttgQ-tQ'tgaaQa-tcaacccg 
atggaaagaactgatgtcaQatgatQagaaQQtCQCtatQagggaagtaQ 
gQticggattQccitg-t-tgQicgaotQtctcaQggcQagaQcactigiii 
gQaQttcgaQ-tcactccQcaaccaaga'ttga'tca-tg-t-tgagct-tgaa-tga 
ttc-tgcatgcaa-tctQaac'taca'tQgaQ-t'tacttaagaaactiQgica-t-tg 1500 
gc-tQQQgaoagcQCQQatgtt-tctt-ttoctatQt-t-t-tccoag-tcggc-tto 
caaQiacaQcatQcatgac'ttcgtatQQ'tctcaaaQtgQaQC'tQtttaag 
gcQttQtaagQgtggtaacQttcataQtttatgoccataottQaccatta 
tgtaao-tataQtctaaggtaaataaaQagccttaaQacatQttaatgaao 
tQCQotaactccQQatt'ttctQgattg'laatccocccaQaQt'ttQ-taQaQ 
aigQaQct-tcQttcttcttcootgtgQcatgtggcotgoactgaQQtQtc 
tQttt-tct-tcccatgttcatcgaaaia-tag-tgta-tgo-t-tgatg-tctcttg 
t gttca-tQtcag-ttctt-tacatatattaaiaQcctt-tlggtacgaggtgaa 
caatgtcg-ta-ttQt-tgtQaaaatactcaQaQg-tcttigtcctaocaQtca 
gtQcgttgtttttcagGTTTGATCGAGACCTAAAATGGCGAACACGAGCA 3000 

FDRDLKVRTRA 
CAAATAATTCCTGTTCATTGCAACAGCTCGAACAACTTCCAAGTCACAGA 
QI1PVHCNSSNNFQVTE 
GGCAGCCTTAGAAATAGCCTATAAAAAGGCTCAAGAGGCCAACATGAAAG 

A A L E I AYKKAQEANMK 
TGAAGGGTGTTATAATCACCAATCCCTCAAATCCCTTAGGCACAACGTAC 
VKGV1 ITNPSNPLGTTY 
GACCGTGACACTCTTAAAACCCTCGTCACCTTTGTGAATCAACACGACAT 
DRDTLKTLVTFVNQHDI 
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TCACTTAATATGCGATGAAATATACTCTGCCACTGTCTTCAAAGCCCCAA 

HLICDEIYSATVFKAP 
CCTTCACCAGCATCGCTGAGATTGTTGAACAAATGGAGCATTGCAAGAAG 
TFTSIAEI.VEQMEHCKK 
GAGCTCATCCATATTCTTTATAGCTTGTCCAAAGACATGGGCCTCCCTGG 
ELIHILYSLSKDMGLPG 
TTTTCGAGTTGGAATTATTTATTCTTACAACGATGTCGTCGTCCGCCGTG 
FRVGIIYSYNDVVVRR 

CTCGGCAGATGTCGAGCTTCGGCCTCGTCTCGTCCCAGACTCAACATTTG 
ARQMSSFGLVSSQTQ'HL 
CTCGCCGCCATGCTTTCCGACGAGGACTTTGTCGACAAATTTCTTGCCGA 25 0 0 

LAAMLSDEDFVDKFLAE 
GAACTCGAAGCGCCTGGGCGAGAGGCATGCAAGgtttgttaaactacacc 
W NSKRLGERHAR 

attottat't'tg'tgggQ't'tgaQQQgcattQcaaaatgcQQttQQtttaagQ 
atgtattaatcaaattcagGTTCACAAAAGAATTGGATAAAATGGGGATC 

F7KELDKMG1 
ACTTGCTTGAACAGCAATGCTGGAGTTTTTGTGTGGATGGATCTACGGAG 

TCLNSNAGVFVWMDLRR 
GCTATTAAAAGACCAAACCTTCAAAGCTGAAATGGAGCTTTGGCGTGTGA 

LLKDQTFKAEMELWRV 
TTATCAATGAAGTCAAGCTCAATGTTTCTCCTGGCTCATCCTTTCATGTC 
I INEVKLNVSPGSSFHV 
ACTGAGCCAGGTTGGTTTCGAGTTTGTTTCGCAAACATGGACGACAACAC 

TEPGl/FRVCF ANHDDNT 
CGTTGACGTTGCTCTCAATAGAATCCATAGCTTTGTCGAAAACATCGACA 

VDVALNRIHSFVENID 
AGAAGGAAGACAATACCGTTGCAATGCCATCGAAAACGAGGCATCGAGAT 
KKEDNTVAMPSKTRHRD 
AATAAGTTACGATTGAGCTTCTCCTTCTCCGGGAGAAGATACGACAAGGG 3000 

NKLRLSFSFSGRRYDKG 
CAACGTTCTTAACTCACCGCACACGATGTCGCCTCACTCGCCATTGGTAA 

NVLNSPHTMSPHSPLV 
GAGCCAGAACTTATTAAagatgagittgagaagatattatcataagtttt 
R A R T Y i 

ttttagcicattaatgaatgga-tggata-tttaaaac-ta-tgaagigtagca 
ctcatgctccgaaggoattaaittcttgattgctgaa-tt-t-taagacgata 
taaaagQgaaQaaQ'tgt't'tagaQaQatc'tQQQaQatgggQgaaQaaQaag 
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aaaacaattaaaat-t*tQaaaatcag*tcaaaa*tcattaaagta9i;acatat 

agcicatactagQQggtgQgacaQgactctgQQatgatt'tt-tQigQtQcg 

"tctttaactQcgQttgcatttcttgac-tgggg-t'tQC'tgca-tttct'tgact 

99gg"t"tact"tactaagtQt-tic'tagaaQtactcaagtcacatgctactc't 

tat-tttcaggtaQaggcaatgiQCctcttcacggacgatgacg tcgcggt 35 0 0 

gacgcca"tgaga"tigaQgctQgggtagQQg"tQttcatgt*tQ"titt*tgtQg 

cccttaggttQgatcaQaatatcg'tc-tta'titiQti'tt'ta-t-ttta'tcaaa 

attttacg-tgat-t-tg-ttticcatt-ttaat-tg-ticaQ'taatt-t-tat-tatgQ 

QcatgtQag*ttcQtggcoct'tt*t'tiaQaa*tat*t-t*tQaaagtttti-ttttt 

tcgattcttaattaat-ttatgcatgtQgtQgcgQgtttQtcQtagtcaQg 

gagga-tgii-ttgigaaa-tgttaagcigaaiggt-laigigtaQQQcggaga 

gtctac-taatgciQttaagatitt-ta-tgiQaacaQgtcticcact-tgatt 

^ tctgtc*ttgatt"tgctQca"tctcga"t"tic-t"tccg"tcaagaa-t-ttc-tctc1; 

aacgaaQtgataatgcQCciccQcatgttt'taiic'tQgcatgQaQcatcg 

aattt-tctg-ttaggcaaatcgcagat-tggt-tgitg'taatgaagt ggta tt 4000 

ggatagicaattt'tci-tg-tgccgatc-t-t-tcatcQQgag-ti-tcQg'tcatgl; 

QctttcctaQactgctccQaccgc-tacictg'tQciciacitc-tc-tQgt-tg 

Qcaatgaiac-tgilgattitcttttgctacactgagaagt-tg-ttcicgaa 

ccgagcttgaacacQtacctggtgctigaict-tcgggia-t-tglga-taiic 

tacatQgtcagcotCQcggtatctggataactig'tagtc'ttcgc'ttc-t-k't 

tatacQaacgatcataa-tgaitgigcct-ttgacatQicicaagg-tccgtc 

Qagtcgcatccaaaigaggt't-tctttgcac-ttig-ta'tg-tac-tgac-taa'tg 

actccaac-tccgttctcaaatt-tcttcggttggttcatgtagatctctct 

atttaactrtccgtgcaagaaagcattcttca-tatccatctgtcgtaQtt 

tccaa-trtttattiaccacaagtgctggaggaQcrtaiaigatggtga-t c 4500 

^— * tttgccac"tgaaciaQa-tgtt-tcatcatagtccaiat*tgi-tgagagaacc 
ciggagctacagtctgagtig-tgiatctcactottcatccattcgggata 
cactti:attttg"taaatccQct"lgcaaaagatggatttgacatcttctgg 
-tctttgtactaat-tcccagg-t-t-tgat-t-ta-tctcgaagggta-taQ-tttc-t-t 
cctccattgtctgc-tgccaagccgtat-tgcg'tgatgc-l-tc-tt'ta-lacgtc 
tctagctc'tt'tac'tttgtct-tctQaaa'tQgita-tQttgaQcatQctttgg 
atttggc-t*ta"tgga-t-tc-ti-tc"taacca-tctaagtcgt"tgagg-tg"tca-t-ti 
ccttttcactaggitcgci-tgattgagtcactcciigcicaccQacQi-ta 
gtgtcacttggatatttQgQcacatcQgcatt-taQgaaaatgtgtacQgt 

tttctcccccg-ta-t-tctg-tggaagaat-ticticag-ki-tgctcccccgtct 5000 
tctg-tggaagaattc 
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ptACCl-^tg-tagttgtgtacattttattaatcttcatcttcttaQttctcttcagtt 

t-t-taa-tt-tcttcQct-tctQaQctcQ-tltagtaaaaQQaaQATGGGATTTG 1 00 

M G F 

AGATTGCAAAGACCAACTCAATCTTATCAAAATTGGCTACTAATGAAGAG 
EIAKTNSILSKLATNEE 
CATGGCGAAAACTCGCCATATTTTGATGGGTGGAAAGCATACGATAGTGA 200 

HGENSPYFDGVKAYDSD 
TCCTTTCCACCCTCTAAAAAACCCCAACGGAGTTATCCAAATGGGTCTTG 

PFHPLKNPNGVIQMGL 
CTGAAAATCAGCTTTGTTTAGACTTGATAGAAGATTGGATTAAGAGAAAC 300 
AENGLCLBLiEDWIKRN 
CCAAAAGGTTCAATTTGTTCTGAAGGAATCAAATCATTCAAGGCCATTGC 

PKGSICSEGIKSFKAIA 
CAACTTTCAAGATTATCATGGCTTGCCTGAATTCAGAAAAGCGATTGCGA 400 

NFQDYHGLPEFRKAIA 
AATTTATGGAGAAAACAAGAGGAGGAAGAGTTAGATTTGATCCAGAAAGA 
KFMEKTRGGRVRFDPER 
GTTGTTATGGTTGGTGGTGCCACTGGAGCTAATGAGACAATTATATTTTG 500 

VVMVGGATGA®ETIIFC 
TTTGGCTGATCCTGGCGATGCATT7TTAGTACCTTCACCATACTACCCAG 

LADPGDAFLVPSPYYP 
CATTTAACAGAGATTTAAGATGGAGAACTGGAGTACAACTTATTCCAATT 600 
( AFNRDLRWRTGVQL1PI 

CACTGTGAGAGCTCCAATAATTTCAAAATTACTTCAAAAGCAGTAAAAGA 

HCESSNNFKITSKAVKE 
AGCATATGAAAATGCACAAAAATCAAACATCAAAGTAAAAGGTTTGATTT 700 

AYENAQKSNIKV.KGLI 
TGACCAATCCATCAAATCCATTGGGCACCACTTTGGACAAAGACACACTG 
LTNPSNPLGTTLDKDTL 
AAAAGTGTCTTGAGTTTCACCAACCAACACAACATCCACCTTGTTTGTGA 800 

KSVLSFTNQHNIHLVCD 
CGAAATCTACGCAGCCACTGTCTTTGACACGCCTCAATTCGTCAGTATAG 
EIYAATVFDTPQFVS I 
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CTGAAATCCTCGATGAACAGGAAATGACTTACTGCAACAAAGATTTAGTT 900 

AEILDEQEMTYCNKDLV 

CACATCGTCTACAGTCTTTCAAAAGACATGGGGTTACCAGGATTTAGAGT 

H1VYSLSKDMGLPGFRV 
CGGAATCATATATTCTTTTAACGACGATGTCGTTAATTGTGCTAGAAAAA 1 000 

GIIYSFNDDVVNCARK 
TGTCGAGTTTCGGTTTAGTATCTACACAAACGCAATATTTTTTAGCGGCA 
MSSFGLVSTQTQYFLAA 
ATGCTATCGGACGAAAAATTCGTCGATAATTTTCTAAGAGAAAGCGCGAT 1100 

MLSDEKFVDNFLRESAM 
GAGGTTAGGTAAAAGGCACAAACATTTTACTAATGGACTTGAAGTAGTGG 

RLGKRHKHFTNGLEVV 
GAATTAAATGCTTGAAAAATAATGCGGGGCTTTTTTGTTGGATGGATTTG 1200 
GIKCLKNNAGLFCVMDL 
CGTCCACTTTTAAGGGAATCGACTTTCGATAGCGAAATGTCGTTATGGAG 

RPLLRESTFDSEMSLVR 
AGTTATTATAAACGATGTTAAGCTTAACGTCTCGCCTGGATCTTCGTTTG 1300 

VIINDVKLNVSPGSSF 
AATGTCAAGAGCCAGGGTGGTTCCGAGTTTGTTTTGCAAATATGGATGAT 
ECQEPGVFRVCFANMDD 
GGAACGGTTGATATTGCGCTCGCGAGGATTCGGAGGTTCGTAGGTGTTGA 1400 

GTVD1ALARI R_R F V G V E 
GAAAAGTGGAGATAAATCGAGTTCGATGGAAAAGAAGCAACAATGGAAGA 

KSGDKSSSMEKKQQVK 
AGAATAATTTGAGACTTAGnTTTCGAAAAGAATGTATGATGAAAGTGTT 1500 
KNNLRLSFSKRMYDESV 
TTGTCACCACTTTCGTCACCTATTCCTCCCTCACCATTAGTTCGTTAAga 

LSPLSSPIPPSPLVR* 
cttaailaaaagggaagaat'ttaa-t-t-ta-tg-t-tttttta-ta-t'tt-tgaaaaa 1600 
aatttg-tQagaQtaQgatta'taQtaggaQQQgaaaatQQgtatgtaggQ't 
gaggagtattttcagQaatagttgttagcgtatgtattgacaactggtct 1700 
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piACCl-— Qtg'tac'tiapacQtcaiaa't't'tQtc'ttaQC't aa'ttaa cQaQ'tQcaQaQp't 

gaagttatgttatgactcttagaat 
piACC2— QtgtacttagacatcaiQatttgtctiagctaattQatgaatgcaQaagt 

gaag-tta-tg-tia-tgQctc-tiagQatcitt-tgQ'tt-tQt-tggac-t'ttctcga 1800 
p-tACC3— a-tgtact-tagacatcataatttgtcttagctaa-tiaa-tgaa-tgcaaaagt 

gaagttatgttatg(a) 19 
ptACC4— QtgtacttagacatcataatttgtcttQgctaQttQQtgaQtgcaaaQgt 

gaagtta-tgtt<a> 20 
ptACC5— atgtaci"tQgQcatcataat"t"tgtG"ttagctQQ"t"taatgaatgcQaaQgt 

gaagttatgtt(a),9 
p-t ACC6 — aig-tact-tagacQicataQtttgtct-tagc-tQQ-tt < a ) 58 

ptACC2 — ttaitt t tgtt(a) 8 
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ggQ-tcctcattacttg-tctQtggctaaagtgt-t 
aaagaattattcacaatatciaacacatttaatgactattcaactaatag 
tgacgatctt'ttaaQQtQQQa'tgaagQQcttaQQQt'tttgoccaQcttcc 
taQcgQiattaQ"tgagggQ"kocagatt*tgQtttQcgcaaQQQQQQaQgQa 
aaQQagaaatgQtQ-ttactcaQttaiQaatttgQttQgagaQtagctQgg 
cctQ-taattgitttQca-t-tatcta'ttcctaagt-ta-tgaiQitatccttca 
atttacctgatagcgtaaaaa't-tacaa-taat'ttg'tQcactaatgatgcac 
aQaac-t-taQai-tcQ-t-ta-taiQ-tQcacQ-tacQaggccgagggctiQQ-taga -2501 
atcgatgQCctgQaQtcatQittctattgittagcQQtQgaQat-lagita 
tggcttcaaatttagcgatgQQt*tccatgggigtttgcQ*ttgactiaoaa 
gatgatcaaatc-tact-ttgQagtccgt*tt"t*tgaattt-tgaaag-tgt-ttga 
taaQtataaaaaiaQrtaaaQatQQgttaggQQgtgtttgQcaaQgttaa 
atcttaaQataQt'tiatcaQCcaQaQgtQggtctcccctQt-lcttt't-t-tt 
ttttggQcttaaaag'tcgt'ttaaacgtQQt-ttgact-tQ'tQaQt-tttt'taa 
agt-taat-ttaaaccggcti-tgiaaaagaaat-taacaat-tcat-tiggaatg 
ttaattattaaQaga"tccagata"tg"tacaQaataaaaa1;aacctQCctcc 
tatagtoQaga*tiitcQQQCQQtQttQagitaQacaQQgtcaaaQQgtig 
gtatQttgaa-ttt-tactagtcttgta'tQQQCcaatQcaQttagcttcgaa -2001 
aagtcat-tga-ta-taitt't-tctQ'tg'tgctgcrt-tg-ttgggaoacttcctgta 
acacaaagaatgaaigaat'tctcccacatt't-t'ta'tt-t-tg'taga-tt-taatt 
ccctQtt-tgatatcaQaaaiai-lc"tggagaQggaaggaa*tQcgagcc"lQa 
ccaagactaggccQQ"t"tQagcagcccatgataQgcc"lccQttcaaatgQQ 
otatcaaQQtcactgtattatiaiQagatactttgagaatatatattgtt 
"tgg"tcaaa"tagtttattaaca-ta-ta"tat*tatatQtaag"taig-tgaaa"tga 
tgaagctagagttttatatgaacatotaatttaga-titkaag-ttgta-tai 
tttgcica-laaatatQaQattcta-tgaattg-kaaaattatcaatatttac 
ttaattctttacgcaQtcttQCtaaataiQiQQQQgttQQtaactacQaQ 
agtataQtcatacgatcQcaQQcgagctai-tctaQaaaQagtatcacata -1501 
tttaatataatcctcccQcatagtQcaaacaatcttrtcaigtt'tig-taa 
taataaalgalg-tQQgggtttaaagg-lggiglgaa-laaiaa-t-tgcaacia 
aoaaatt'tatiiacatctaaoatQQa-tQaUaQ'tacatQtQaaatcgtQ't 
gQtcaaaaQtiiaaaa-tttaaatcatgatatgtoattaQtatgtccagac 
acctgctiaa-taaaaactatacactat'taa-tgcag'tatgcactt-ta-taca 
ia't't-ttgiaaa'tiagaiaQt'taaa-tggccggciagagtaa-tgcaotQcga 
tagQaaagctcgatcaaaQttaQtcQcactcaa'tg'tgcctagtaagatct 
*tcaaatcaaaQtcaat"tatgQ"t"ta1;cQtctgcggtcca*ttg*ttc"tcg'tcc 
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c-ttcccaggaQag-taat-ta-tccc-ta-t-tQ-tait-t-tia-t-ttait-tQta-tQQQ 

ctact'tgaaaaaggtaQaaagaQtaaa'taaa-tQaa-t-taccagtQg-tQcca -1 001 

■t-tgtQ-ttctcaac-tttt-t-tct-t-tctcacgtg-tagc-t-tctagct-tgaacat 

gaQQ-tttca-tataactatttagacgQaggcaQttacgactaaggg'ta'tgt 

tcgatQagaaattgaaaa-tat-tt-tcttaaaaaQtaaatQaatttt-tQQttt 

atttttcatatttgattaataagcagaaaatatttttgaggaagtatctt 

tttttatttttgagQaQQtQc-tt-tctatgaaaataQtta-t-tgatg-tgaaa 

QtcQaictcgQtaQttgi-tgcQggaQacgQC'tctgQcaatcgaQt'tagga 

taQaQcctcgQtgQcctitaaQatcgaccciQQaQtctga'tccQaaactc 

gatccQgacttccgatccaQaQC't'tgQ'ttcQQgtQOQtat-ti-t-taaaaa-t 

aaoticttttigacQgggtggcgtQQQaa-tQatt-t-ta-t-t-ttaaQQtatga 

t a tagttttctaaaata tatt tt tt tgtttggttattgggggt tgg t teg -5 0 1 

aggrtagggg'tQaQQa-taat-taaaacataagaaa-t'tt-taaaag"t-t"t+ .at 

tgcattttttttgtgttggggaggggcggattttgggttggataagaaaa 

aatQtttQQagatQQQatQgaattttggaaQatatttttcttaQtttttg 

QaggQaQotcatttttcttQaQtttgQgaaoaotgaattattcttQaaaa 

QaatttccaQQaQcatttaagctaccQQatQtgaaQQaataaaaaQtatt 

ttttttcctaccaQatgcQCCctaaQttagtcaaQtatccaQcatttaaa 

agagctatgaQaQaaaQaaagaagtaagaatcgtQgatcttcttttaatg 

cgtacttttattttccaagatttgaQcaotoQaatagacttttctatttt 

tattttctgatgtaattcttatatacgttagtcgacatgttctcattQCQ 

tacttcagtctttccccttatQtototccctcacattccttQQttctctt -1 

ACACCATAACACAACTACAACAAACACATAATACTTTTAATACAATTAGT 

TATTTATTAGAA6TATTTAAAGTAAAGCACTTGTGAGTTGTGTACATTTT 1 00 

ATTAATCTTCATCTTCTTAATTCTCTTCAGTTTTTAATTTCTTCACTTCT 

AAACTCATTTAGTAAAAAAAAAATGGGATTTGAGATTGCAAAGACCAACT 

MGFEIAKTN 
CAATCTTATCAAAATTGGCTACTAATGAAGAGCATGGCGAAAACTCGCCA 
SILSKLATNEENGENSP 
TATTTTGATGGGTGGAAAGCATACGATAGTGATCCTTTCCACCCTCTAAA 
YFDGWKAYDSDPFNPLK 
AAACCCCAACGGAGTTATCCAAATGGGTCTTGCTGAAAATCAGgtaatta 

NPNGVIQHGLAENQ 
attatcctttatttatQtattttgcagtttgaccaoacagactattataa 
tttttttctgaaacctcgQtggtgttaaatttcttttgtagCTTTGTTTA 

L C L 

GACTTGATAGAAGATTGGATTAAGAGAAACCCAAAAGGTTCAATTTGTTC 500 
DLIEDVIKRNPK.GSICS 
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TGAAGGAATCAAATCATTCAAGGCCATTGCCAACTTTCAAGATTATCATG 
EGIKSFKAIANFQDYN 
GCTTGCCTGAATTCAGAAAAgtacatatcgtactatagtcagttaaatta 
G L P E F R K 

tattgaiag-tQiQaQaa-ttcgttaataiQtttaQctQacgagttiQtila 
a-tcagGCGATTGCGAAATTTATGGAGAAAACAAGAGGAGGAAGAGTTAGA 
AIAKFNEKTRGGRVR 
TTTGATCCAGAAAGAGTTGTTATGGCTGGTGGTGCCACTGGAGCTAATGA 
FDPERVVMAGGATGANE 
GACAATTATATTTTGTTTGGCTGATCCTGGCGATGCATTTTTAGTACCTT 

TI IFCLADPGDAFLVP 
CACCATACTACCCAGCgiaQgta-ta-t-ttQattQtatQtg-tgtaQaQaQaa 
S P Y Y P A 

ttaaaQtcQtcaoatca't'tt'tiil-taiiig'tQ'tiaccoaQtQQot-tg-tc't 
aQttUcaQgatigtaacaca't'tcatcaaogtQCctQatQatQ-taaQcga 
ttcQgtQta-t-taacgatg-tata-taat'ttaoitcci-t-tggcggatttg-tct 1 000 
ttttatg-ttgggccatcagaagaacaitctggtglattaaitaaiiaa-tt 
Qattaa'taa-tagatg'tgt'tg cattcttttttaagacagcgagagtttaa 
-ttQg-tctiQQ-tiQctggattaicQcgcaQgcictt-tct-tgaai-t-t-tQi-ta 
t-tc-t-ta-ta-t-tQaQcacaigatagcataa-tQtci'tlc't'tl-tg-tggaQicca 
gcttg^cgtgaQgcii-tgtalicacQctiataaQQcaacaQooaatQaa 
Qtc'tggtgg'tQai'tga't'taaagagagaQata-taaaaaaQtaa'tag'tcaaQ 
togactaQ-tQaggaaagQaataaaaaa'tQcacaaQQtQC'taaQQQaaQQg 
QattaaggtQtagtgg'tcta'ttattgagaacttttttgaagaattgaacc 
ccact'ttaQittd'tgcttgacccgtgaccattgct-ta-tcgagg-taaaa-t 
oaaa'tttcaaacat'tgQctaigacttgttagagagtaattaccacaagtc 1500 
QoaQ-ttitg-ttac-tctglcrtcgtittttica-t-taggQicgaiaagaiaaca 
-tctQocatata-ta-tct-ttt't'to-t-tag-tac-ttg-tilQ-t't't't-tag-taaaagc 
acg-ttQ-tacattttacaQtQgtcaat-tgttgcatQtattQgtQtatatat 
tttgctaagtcciaQctQacaQtat-ttttggcaottgactaa-tgcagATT 

F 

TAACAGAGATTTAAGATGGAGAACTGGAGTACAACTTATTCCAATTCACT 

NRDLRWRTGVQLIPIN 
GTGAGAGCTCCAATAA7TTCAAAATTACTTCAAAAGCAGTAAAAGAAGCA 
CESSNNFKITSKAVKEA 
TATGAAAATGCACAAAAATCAAACATCAAAGTAAAAGGTTTGATTTTGAC 
YENAQKSNIKVKGLILT 
CAATCCATCAAATCCATTGGGCACCACTTTGGACAAAGACACACTGAAAA 
NPSNPLGTTLDKDTLK 
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GTGTCTTGAGTTTCACCAACCAACACAACATCCACCTTGTTTGTGACGAA 
SVLSFTNQNNINLVCDE 
ATCTACGCAGCCACTGTCTTTGACACGCCTCAATTCGTCAGTATAGCTGA 2000 

] Y AATVFDTPQFVS I AE 
AATCCTCGATGAACAGGAAATGACTTACTGCAACAAAGATTTAGTTCACA 

ILDEQEMTYCNKDLVN 
TCGTCTACAGTCTTTCAAAAGACATGGGGTTACCAGGATTTAGAGTCGGA 
IVYSLSKDNGLPGFRVG 
ATCATATATTCTTTTAACGACGATGTCGTTAATTGTGCTAGAAAAATGTC 
I I YSFNDDVVNCARKHS 
GAGTTTCGGTTTAGTATC7ACACAAACGCAATATTTT7TAGCGGCAATGC 

SFGLVSTQTQYFLAAN 
TATCGGACGAAAAATTCGTCGATAATTTTCTAAGAGAAAGCGCGATGAGG 
v •— LSDEKFVBNFLRESANR 
TTAGGTAAAAGGCACAAACAT7TTACTAATGGACTTGAAGTAGTGGGAAT 
LGKRNKNFTNGLEVVGI 
TAAATGCTTGAAAAATAATGCGGGGCTTTTTTGTTGGATGGATTTGCGTC 

KCLKNNAGLFCVMDLR 
CACTTTTAAGGGAATCGACTTTCGATAGCGAAATGTCGTTATGGAGAGTT 
PLLRESTFDSEMSLVRV 
ATTATAAACGATGTTAAGCTTAACGTCTCGCCTGGATCTTCGTTTGAATG 
IINDVKLNVSPGSSFEC 
TCAAGAGCCAGGGTGGTTCCGAGTTTGTTTTGCAAATATGGATGATGGAA 2500 

QEPGWFRVCFANNDDG 
CGGTTGATATTGCGCTCGCGAGGATTCGGAGGTTCGTAGGTGTTGAGAAA 
( TVDIALARIRRFVGVEK 
AGTGGAGATAAATCGAGTTCGATGGAAAAGAAGCAACAATGGAAGAAGAA 
SGDKSSSMRKKQQVKKN 
TAATTTGAGACTTAGTTTTTCGAAAAGAATGTATGATGAAAGTGTTTTGT 

NLRLSFSKRMYDESVL 
CACCACTTTCGTCACCTATTCCTCCCTCACCATTAGTTCGTTAAGACTTA 
SPLSSPIPPSPLVRx 
ATTAAAAGGGAAGAATTTAATTTATGTTTTTTTATATTTTGAAAAAAATT 
TGTAAGAATAAGATTATAATAGGAAAAGAAAATAAGTATGTAGGATGAGG 
AGTATTTTCAGAAATAGTTGTTAGCGTATGTATTGACAACTGGTCTATGT 
ACTTAGACATCAJ^TTTGTCTTAGCTAATTAATGAATGCAAAAGTGAAG 
TTATGTTATGMaTAGAATCTTTTGATTTATTGGACTTTCTCGATTAJ 
ATTGTTA-t-tQ-t-taaa-t-t-tcata-tQt-t-t-ta-ta-ta-t-t-taaaaag-tg-tcg-taa 3000 
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gtcataataattgQcaQgatQtQtgaQaQctt-tQcgQtcaQagQtQaat-t 

"tgtttaaattttQQQatttaQag'tgtgtcacQtQQattgagatggagaga 

ttQtggtgtttg-tgtQ-tattttQQtggaQQQatacQgtgcgtgtttgtgg 

gggat-tgactccaga-tga-tagagtagaQQ-tggatctcctaatttttttat 

ttatgttttac-tt-ta-tcgagggtc-tatcQQQQataQ-t-t-tQ-tc-tQU-tt-t-t 

QaQ-tagagQtDaQg-tctgacatactctttttacttgtatttQtatgtcat 

ga-t-tt-tga-t-taggag-t-ttgga-t-t-t-tctctacgiicaQQtQcaQattaQac 

tQtaatgagt'tQ-t-t-t-tccc-taQa-t-t-tggagaaQ-t-tQ-tcati-tggQga-tgQ 

gtQcacga+QQ-taQtgtcctctaQtcQattacatcQQQCQCQaaaQcatt 

Qt-tQgaQQt-tcQCQo-tctQca-tgt-t-tg-tc-taQi-taQ-tcacQ-tc-t-tcatQg 

•ttgataagtag-tact-tatcQiaci-tig-tag-t-t-ta-tga-t-t-tcgaa-tQac-t-t 

gacatQ-tgQi-tQat-tt-tgtaa-tac-tacQt-tac-tgt-t-tQ-tcQQQct-tg-t-t-t 

"ttcgaQttcatttctagtQgtg-tg-tggcatgac-t-tggQCQQgagaQa-tQC 

aaa-tati-t-tgaQ-tt-ta-ttcc-tac-tQ-tacatttta-tt-ttQttttaQ-tctQ-t 

a-tQiaaQagQQ-tQ-tcg-tacQ-ta-t-t-ta-t-taQ-ta-taaQa-t-ti-tga-ta-t-t-tac 

tttttQ-ttQ-tagaattigatatccagtcaaQCcgccacQtQaQttgagcc 

Qatatg'taaaiagaaQaigi'tgQCQQQQgQQotggQtt'tQ-ttggaQgaca 

aQcigocaiQgggtccQQC-tgaaaagQgt'tQaQ-t'tg-tcggQcgac-t-ttQ-t 

aotQ-tt-ttagicaaccccacccaQagcctti-taQacttQgataaatccaa 

aQga-tQQtaQ-ttttga-ttgQ-ta-t-tt-ta-taa-tg-tatcttt-ttQtcatQttg 

acQtg-tagQaQaQ-t-ta-taQ-t-ttataQ-tattttttatatagtttttaaata 

tttQQQQtti-t-tQ-tt-taaaQ-ta-tlaQQ-tgaaiQ-ta-ttt-tQQC-t-t-tag-t-ta 

atcaQ'tgact'tt'tQaQQaacgiaataigQCQQt'tQaa-tgaa'tagaaaQaQ 

ta-tcgattaatQQgacttttgagatgaaaa-tQt-tgtc-tcatgtgaacgat 

gctaacgatg-tc-tccQQca-tggQit-t-tgc-t-tcc-t-tggc-tttQtttcatgQ 

tttQQ-tQtttata'ttgaQttigac'taQggtaQgtQQaaaaacaaQtttcat 

a-tiaoag-ttt-tg-t-t-tgagt-tgaa-ttcaQg-t-t-ttgattatttttctattag 

aaatcagatct 
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Attachment 

Reasons for Holding Lack o f Unity of Invention 

Group I, claims i-9, 14, 20, and 37-38. drawn to purified DNA 
encoding ACC synthase, expression vectors, probes, recombinant host cells 
where the host cell is a plant, method of using plant host cells to prepare ACC 
synthase, and method of use to produce ethylene using plant host cells. 

Group II. claims 1-9. 14. 20. and 37-38. drawn to purified DNA 
encoding ACC synthase, expression vectors, probes, recombinant host cells 
where the host cell is a bacteria, method of using bacterial host cells to 
prepare ACC synthase, and method of use to produce ethylene using 
bacterial host cells. 

Group III. claims 1-9, 14, 20. and 37-38, drawn to purified DNA 
encoding ACC synthase, expression vectors, probes, recombinant host cells 
where the host cell is a yeast, method of using yeast host ceils to prepare 
ACC synthase, and method of use to produce ethylene using yeast host cells. 

Group IV. claims 1-9. 14. 20, and 37-38. drawn to purified DNA 
encoding ACC synthase, expression vectors, probes, recombinant host cells 
where the host ceil is an aJga cell, method of using algal host cells to prepare 
ACC synthase, and method of use to produce ethylene using algal host cells. 

Group V, claims 10-13. drawn to plant material. 

Group VI. claim 1 5. drawn to a method to obtain inducible DNA 
sequences. 

Group VII. claims 16-17. drawn to ACC synthase enzyme. 
Group VIII. claims 18-19. drawn to antibody compositions. 
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Group IX. claims 26. 27, and 32. drawn to a nucleotide sequence 
encoding a mutated ACC synthase, expression system and transformed plant. 

Group X, claims 21-25* 28. and 33 drawn taantisense nucleotide 
sequences, erpression systems, plants with insufficient ACC synthase and 
method of making such plants. 

Group XI. claims 29 and 34. drawn to ripening resistant plants and 
method of making. 

Group XII. claims 30 and 35, drawn to sensescence resistant piants 
and method of making. 

Group XIII. claims 31 and 36. drawn to plants which do not develop in 
a normal time frame and method of making. 

Group XIV, claim 39, drawn to a method of using ethylene in fruit 
ripening. 

Group XV. claim 40, drawn to a method of using ethylene to make 
ethanol. 

Groups I - 1 V are independent inventions because each, group is drawn 
to a different class of organism: plant, bacteria, yeast, or algae. Thus, the 
expression vectors, recombinant host cells and corresponding methods of use 
will be different for each of the four groups. For example, the expression of 
any given sequence in a particular cell type requires different control 
sequences. Thus, a plant expression system is not interchangeable with a 
bacterial expression system, for example. Furthermore, even though 
expression systems for all four species are known, expression in any given 
cell type is unpredictable. For example, a bacterial structural gene may be 
expressed well in a bacterial cell with the proper control sequences, and may 
not be expressed at all in a plant cell with the appropriate control signals. 
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Groups V and IX-XIII are unrelated to Groups 1 1- 1 V because groups 
1 1 - 1 V are not drawn to plants. 

Group I and Group V are related as mutually exclusive species in 
intermediate-final product relationship. Distinctness is proven for claims in 
this relationship if the intermediate product is useful to make other than the 
final product and the species are distinct. 

In the instant case, the intermediate product is deemed to be useful as 
a means to produce a product in culture such as ACC synthase or ethylene 
and the inventions are deemed distinct since there is nothing on this record 
to show them to be obvious variants. Should applicant traverse on the 
ground that the species are not distinct, applicant should submit evidence or 
identify such evidence now of record showing the species to be obvious 
variants or clearly admit on the record that this is the case. 

Inventions VI and I-IV are related as process of making and product 
made. The inventions are distinct if either or both of the following can be 
shown: ( 1 1 that the process as claimed can be used to make other and 
materially different product or (2) that the product as claimed can be made 
by another and materially different process. In the instant case the process 
as claimed can be used to make other and materially different product. The 
method of Group VI is not restricted to ACC synthases and can be used with 
any inducible sequence. 

The DNA, vectors and probes of Groups I-IV arid Group VII are related 
as mutually exclusive species in intermediate-final product relationship. 
Distinctness is proven for claims in this relationship if the intermediate 
product is useful to make other than the final product, and the species are 
distinct. 

In the instant case, the intermediate product is deemed to be useful as 
a hybridization probe and the inventions are deemed distinct since there is 



r - 'j 



4 



4 



PCr/ US 9 1/06453 



nothing on this record to show them to be obvious variants. Should 
applicant traverse on the ground that the species are not distinct, applicant 
should submit evidence or identify such evidence now of record showing the 
species to be obvious variants or clearly admit on the record that this is the 
case. 

Groups I-IV and Group VIII are independent and wholly separate 
products. The products are unrelated structurally. Likewise, methods lo 
obtain the products of Group I-IV would involve totally different process 
i steps from methods to obtain the products of Group VIII. Likewise, the 
methods of use of Groups I-IV could not be used with the products of Group 
VIII. 

Each of Groups I t and IX-XIII are independent and wholly separate 
products. The products of each group would have structural differences and 
different properties, and methods of making and using the products recited 
in each of these groups would require different method steps. 

Groups I-IV and either of Groups XIV and XV are independent and 
distinct inventions. The method of making ethylene of Groups I-IV can be 
practiced separately and independently of the methods of using ethylene of 
f^H Groups XIV and XV and would recite different process steps. 

Group V and Group VI are independent and distinct inventions. The 
method of Group VI cannot be used to make the product of Group V and the 
product of Group V would not be produced by the method of Group VI. 

Groups V and VII are related as mutually exclusive species in 
intermediate-final product relationship since the plant material of Group V 
could be used as a source of the ACC synthase of Group VII. Distinctness is 
proven for claims in this relationship if the intermediate product is useful to 
make other than the final product, and the species are distinct. 

In the instant case, the intermediate product is deemed to be useful as 




a source of plant produce such as fruits, vegetables or nuts and the 
inventions are deemed distinct since there is nothing on this record to show 
them to be obvious variants. Should applicant traverse on the ground that 
the species are not distinct, applicant should submit evidence or identify 
such evidence now of record showing the species to be obvious variants or 
clearly admit on the record that this is the case. 

Groups V and VIII contain independent and wholly separate products. 
The two products are unrelated structurally. Likewise, methods to obtain 
and methods to use the two products would involve totally different process 
steps. 

Each of Groups V, and IX-XIII are independent and wholly separate 
products. The products of each group would have structural differences and 
different properties, and methods of making and using the products recited 
in each of these groups would require different method steps. 

Groups V and either or Groups XIV or XV are related as product and 
process of use. The inventions can be shown to be distinct if either or both 
of the following can be shown: ( 1 ) the process for using the product as 
claimed can be practiced with another materially different product or (2) the 
product as claimed can be used in a materially different process of using that 
product. In the instant case the product as claimed can be used in a 
materially different process of using that product such as to produce fruit, 
vegetables or nuts. 

The method of Group VI is independent and distinct from the products 
of Groups VII-VIII. and XI-XIII because the products of Groups VII-VIII. 
and XI-XIII could not be used in the process of Group VI and would not be 
the product of the method of Group VI. 

Group VI and either of groups IX and X are related as process of 
making and product made. The inventions are distinct if either or both of 
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the following can be shown: ( 1 ) thai the process as claimed can be used to 
make otner and materially different product or (2) that the product as 
claimed can be made by another and materially different process. In ihe 
instant case the process as claimed can be used to make other and materially 
different product. The use of the method of Group VI is not limited to ACC 
synthase sequences but can be used with any inducible sequence. 

Groups VI and either of Groups XIV or XV are independent and 
distinct inventions. The method of Group VI can be practiced separately and 
independently of the method of either of Groups XIV or XV and recites 
different process steps. 

Group VII and Group VIII are related as mutually exclusive species in 
intermediate-final product relationship. Distinctness is proven for claims in 
this relationship if the intermediate product is useful to make other than the 
final product, and the species are distinct. 

In the instant case, the intermediate product is deemed to be useful to 
produce ethylene and the inventions are deemed distinct since there is 
nothing on this record to show them to be obvious variants. Should 
applicant traverse on the ground that the species are not distinct, applicant 
should submit evidence or identify such evidence now of record showing the 
species to be obvious variants or clearly admit on the record that this is the 
case. 

Any of Groups IX through XIII and Group VII are related as mutually 
exclusive species in intermediate-final product relationship since the plants 
of Groups IX-XIII could be used as the source of ACC synthase of Group VII. 
Distinctness is proven for claims in this relationship if the intermediate 
product is useful to make other than the final product, and the species are 
distinct. 

In the instant case, the intermediate product is deemed to be useful as 
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a source of fruits, nuts or vegetables and the inventions are deemed distinct 
since there is nothing on this record to show them to be obvious variants. 
Should applicant traverse on the ground that the species are not distinct, 
applicant should submit evidence or identify such evidence now of record 
showing the species to be obvious variants or clearly admit on the record 
that this is the case. 

Groups VII and either of Groups XI V-XV are related as product and 
process of use. The inventions can be shown to be distinct if either or both 
of the following can be shown: ( 1 ) the process for using the product as 
claimed can be practiced with another materially different product or (2) the 
product as claimed can be used in a materially different process of using that 
product. In the instant case the product as claimed can be used in a 
materially different process of using that product such as to make antibodies 
to ACC synthase. 

Group VIII and any of Groups IX-XIII are independent and wholly 
separate products. The products are unrelated structurally. Likewise, 
methods to obtain the products would involve totally different process steps. 

Group VIII and either of Groups XI V-XV are independent and distinct 
inventions. The product of Group VIII cannot be used in the method of 
Groups XIV-XV and would not be the product produced by the methods of 
Groups XIV-XV. 

Any of Groups IX-XIII and either of Groups XIV-XV are related as 
product and process of use. The inventions can be shown to be distinct if 
either or both of the following can be shown: i 1 ) the process for using the 
product as claimed can be practiced with another materially different 
product or (2) the product as claimed can be used in a materially different 
process of using that product. In the instant case the product as claimed can 
be used in a materially different process of using that product such as to 
produce fruits, vegetables or nuts. 
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Groups XIV and XV are independent and distinct inveniions. The 
method of Group XIV can be practiced separately and independently of the 
method of Group XV and recites different process steps. 

Because these inventions are distinct for the reasons given above and 
have acquired a separate status in the art because of their recognized 
divergent subject matter, fail into different statutory classes of invention 
and are separately classified and searched, restriction for examination 
purposes as indicated is proper. 



